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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʇʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʪʦʡʢʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʠʦʢʩʠʥʘʤʠ, ʩʪʦʠʪ ʚ ʨʷʜʫ ʚʘʞʥʝʡʰʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ/ʜʠʙʝʥʟʦʬʫʨʘʥʳ 

(ʇʍɼɼ/ʌ) ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭ 

(ʨʘʪʠʬʠʮʠʨʦʚʘʥʘ ʚ ʈʦʩʩʠʠ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 27.06.2011 N 164-ʌɿ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʢʩʝʥʦʙʠʦʪʠʢʠ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʩʣʝʜʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʇʍɼɼ/ʌ ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʥʘʢʦʧʠʣʦʩʴ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚ ʠʭ 

ʧʨʠʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (Baker, Hites, 2000; Fiedler, 2003; Shields et al., 2015).  

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢ ʧʨʦʙʣʝʤʝ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʚʣʝʢʣʠ ʤʘʩʩʦʚʳʝ 

ʧʦʨʘʞʝʥʠʷ ʣʶʜʝʡ ʠ ʵʢʦʩʠʩʪʝʤ ʚ ʭʦʜʝ ʮʝʣʦʡ ʯʝʨʝʜʳ ʘʚʘʨʠʡ ʥʘ ʭʣʦʨʬʝʥʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, 

ʢʨʫʧʥʝʡʰʝʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ ʘʚʘʨʠʷ ʚ ʛ. ʉʝʚʝʟʦ (ʀʪʘʣʠʷ) ʚ 1976 ʛ., ʘ ʪʘʢʞʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʦʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ 2,3,7,8-ʊʍɼɼ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ), ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʚʦ ɺʴʝʪʥʘʤʝ ʚ 

1961-1971 ʛʛ. (ʌʝʜʦʨʦʚ, 1993). ɺ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʴ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ, ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʠʭ ʵʤʠʩʩʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘ ʬʦʥʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʩ 1980-ʭ ʛʦʜʦʚ, ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʇʍɼɼ/ʌ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʨʫʧʧʫ ʠʩʪʦʯʥʠʢʦʚ ʦʪʢʨʳʪʦʛʦ 

ʩʞʠʛʘʥʠʷ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩʞʠʛʘʥʠʝ ʙʳʪʦʚʳʭ ʠ ʩ/ʭ ʦʪʭʦʜʦʚ ʠ 

ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ (Fiedler, 2015; Dwyer, Themelis, 2015; ʈʦʟʘʥʦʚ, ʊʨʝʛʝʨ, 2011), ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ ʚʜʘʣʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʇʍɼɼ/ʌ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʦʟʦʟʘʚʠʩʠʤʳʭ ʚʠʜʦ-ʩʧʝʮʠʬʠʯʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʦ ʚʳʨʘʞʝʥʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʚʢʣʶʯʘʷ ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ (Van den Berg et al., 1994; Birnbaum, Tuomisto, 2000). 

ʅʘʯʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʜʠʦʢʩʠʥʦʚʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʠ/ʠʣʠ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ, ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʢʣʝʪʦʢ 

(ʈʫʤʘʢ, ʋʤʥʦʚʘ, ʉʦʬʨʦʥʦʚ, 2014). ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʪ 

ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʚʠʜʝ ʧʦʨʘʞʝʥʠʷ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ (ʭʣʦʨʘʢʥʝ), 

ʥʝʭʦʜʞʢʠʥʩʢʦʡ ʣʠʤʬʦʤʳ, ʩʘʨʢʦʤʳ ʤʷʛʢʠʡ ʪʢʘʥʝʡ ʠ ʜʨ. ʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʩ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʠʯʠʥʥʦʡ ʩʚʷʟʴʶ ʩ ʦʩʪʨʳʤ ʣʠʙʦ 
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ʭʨʦʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʦʢʩʠʥʦʚ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ çʜʠʦʢʩʠʥʦʚʘʷ ʧʘʪʦʣʦʛʠʷè  (ʇʦʟʥʷʢʦʚ ʠ 

ʜʨ., 2006; ʈʫʤʘʢ ʠ ʜʨ., 2009; ʉʦʬʨʦʥʦʚ, ʈʫʤʘʢ, ʃʘʟʘʨʝʥʢʦ, 2010).  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʥʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʩʨʝʜʫ, 

ʠ ʦʨʛʘʥʠʟʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʚʝʱʝʩʪʚ. ʇʍɼɼ/ʌ ʷʚʣʷʶʪʩʷ 

ʣʠʧʦʬʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʯʨʝʟʚʳʯʘʡʥʦ ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʟʣʦʞʝʥʠʶ ʠ ʤʝʪʘʙʦʣʠʟʤʫ, ʪʦʢʩʠʯʥʳ 

ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʜʦʟʘʭ ʠ ʩʧʦʩʦʙʥʳ ʢ ʠʥʪʝʥʩʠʚʥʦʡ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʠ ʧʝʨʝʜʘʯʝ ʧʦ ʪʨʦʬʠʯʝʩʢʠʤ 

ʮʝʧ̫ʤ, ʧʦʵʪʦʤʫ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʤʝʪʦʜʳ ʙʠʦʠʥʜʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʢʘʢ 

ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʩʘʤʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʯʝʨʝʟ ʥʠʭ ʢʘʯʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʪʘʢʞʝ ʦʪʚʝʪʠʪʴ ʥʘ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ ʦʙ ʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʠ ʧʫʪʷʭ ʧʦʧʘʜʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʳ (ʄʘʡʩʪʨʝʥʢʦ, ʂʣʶʝʚ, 2012). ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʩʭʝʤʦʡ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ ʥʘ ʩʣʝʜʦʚʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʙʠʦʠʥʜʠʢʘʮʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʘʜʝʢʚʘʪʥʦ 

ʧʦʜʦʙʨʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠ ʩʝʣʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ï ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡïʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ɻʍ-ʄʉɺʈ) (ɹʨʦʜʩʢʠʡ ʠ ʜʨ., 2018; ʂʫʜʨʷʚʮʝʚʘ ʠ ʜʨ., 2019). ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʟʘʛʨʷʟʥʝʥʠʠ ʦʙʲʝʢʪʘ ʇʍɼɼ/ʌ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʥʛʝʥʝʨʥʳʡ ʩʦʩʪʘʚ), ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶɦ ʠʭ ʘʥʘʣʠʟʦʚ; ʫʩʨʝʜʥʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʦʪʨʘʞʝʥʠʝ 

ʙʠʦʜʦʩʪʫʧʥʦʡ ʯʘʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ; ʫʥʠʬʠʢʘʮʠʷ ʩʭʝʤʳ ʠ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ 

ʠ ʩʦʩʪʦʷʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɺʳʙʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʜʦʩʪʫʧʥʦʩʪʴʶ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʳ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Espín et al., 2016). ʅʝ ʚʩʝʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʠ ʭʘʨʘʢʪʝʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤ ʠ ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʥʝʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ: ʧʦʣʦʞʝʥʠʝʤ ʚ ʪʨʦʬʠʯʝʩʢʦʡ ʩʝʪʠ, ʧʠʱʝʚʳʤ ʨʘʮʠʦʥʦʤ, 

ʦʙʨʘʟʦʤ ʞʠʟʥʠ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʇʍɼɼ/ʌ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ, 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʜʨ. ɹʠʦʠʥʜʠʢʘʪʦʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʢʘʥʠ ʠ ʞʠʜʢʦʩʪʠ ʯʝʣʦʚʝʢʘ 

(ʞʠʨʦʚʘʷ ʪʢʘʥʴ, ʢʨʦʚʴ, ʛʨʫʜʥʦʝ ʤʦʣʦʢʦ). ʅʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ, 

ʢʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʜʠʦʢʩʠʥʦʚ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʦ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʩ ʨʘʮʠʦʥʦʤ ʧʠʪʘʥʠʷ, ʥʝʞʝʣʠ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Keke, Bunce, 1999; 

Van Overmeire et al., 2006; LaKind, 2007). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʞʠʪʝʣʠ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʘʮʠʦʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʜʫʢʪʳ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Magoni et al., 2016; Colles et al., 2021). ɽʩʪʴ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʭʚʦʠ, ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ, ʤʭʘ ʠ ʣʠʰʘʡʥʠʢʦʚ (Weiss et al., 1997; Miyata 

et al., 2000; Weiss, et al., 2000; Ok et al., 2002; Hanari et al., 2004; Komichi et al., 2004; Carballeira 

et al., 2006; Chen et al., 2006; Augusto et al., 2007, 2015; Augusto, et al., 2007; Bochentin et al., 

2007; Guéguen, Stille, Mill et, 2011; Augusto, Máguas, Branquinho, 2013; Hermanson, Johnson, 2015; 

Birke, Rauch, Hofmann, 2018; Dreyer, et al., 2018), ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ (ʄʘʡʩʪʨʝʥʢʦ, ʂʣʶʝʚ, 2012; 

Henriksson et al., 2017), ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Talmage, Walton, 1991; Murtomaa et al., 2007; 

Roumak et al., 2018). ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʨʳʙʦʷʜʥʳʝ ʧʪʠʮ,r ʨʳʙr, 

ʨʘʢʦʦʙʨʘʟʥʳʝ ʠ ʤʦʣʣʶʩʢʠ (Fletcher, McKay, 1993; Van Der Oost et al., 1996; Knutzen et al., 2003). 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʙʦʨ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʚʠʜʘ, ʥʦ ʠ ʧʦʜʭʦʜʷʱʝʛʦ 

ʙʠʦʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʜʦʙʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʟ ʵʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢʠʝ ʧʦʜʭʦʜʳ, ʢʘʢ ʘʥʘʣʠʟ ʷʠʮ, ʧʝʨʴʝʚ, ʰʝʨʩʪʠ (Schramm, 1997; Jaspers, et al., 

2014). ʉʨʝʜʠ ʜʠʢʠʭ ʚʠʜʦʚ ʧʪʠʮ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʷʡʮʘ ʯʘʝʢ (Hebert et al., 1994; 

Choi et al., 1998, 2001; Pusch et al., 2005; Morales et al., 2012, 2016; Muusse et al., 2014) ʠ 

ʚʦʨʦʙʴʠʥʦʦʙʨʘʟʥʳʭ (Fredricks et al., 2010; Eens et al., 2013; van Oosten et al., 2019). 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʷʡʮʘ ʜʦʤʘʰʥʠʭ ʢʫʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ, ʪ.ʢ. ʵʪʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ; ʦʪʙʦʨ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʷʠʮ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ; ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 

ʣʠʧʠʜʦʚ ʦʙʣʝʛʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʧʦʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ; ʢʫʨr ʫʧʦʪʨʝʙʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (DiGangi, Petrlik, 2005). ɼʨʫʛʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʫʨʠʥʳʭ ʷʠʮ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʤʠʤʦ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʵʪʦʪ ʦʙʲʝʢʪ, ʷʚʣʷʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, 

ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ 

ʯʝʣʦʚʝʢʘ. ʊʘʢ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʛʫʣʠʨʫʶʱʠʭ ʤʝʨ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʤʝʩʪʥʦʛʦ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʦʟʠʮʠʠ ʥʘʩʝʣʝʥʠʷ (Colles et al., 2021). ɺʥʦʩʷʪʩʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʧʦʯʢʠ çʧʦʯʚʘ-ʢʫʨʠʥʳʝ ʷʡʮʘè ʚ ʥʦʨʤʠʨʦʚʘʥʠʠ ʜʦʧʫʩʪʠʤʳʭ 

ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ, ʧʦʩʢʦʣʴʢʫ ʢʫʨʳ ʫʧʦʪʨʝʙʣʷʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʯʚʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʝʩ ʪʝʣʘ ʠ ʥʘ ʚʝʩ 

ʧʨʦʜʫʢʮʠʠ (ʷʡʮʘ) (Weber et al., 2018, 2019).  

ʇʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʙʠʦʠʥʜʠʢʘʮʠʠ 

ʟʘʛʨʷʟʥʝʥʠ ̫ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʍɼɼ/ʌ 

ʦʙʨʘʟʫʶʪʩʷ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʚʠʜʝ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʦʥʛʝʥʝʨʦʚ), ʧʨʠ ʵʪʦʤ ʜʣʷ ʨʘʟʥʳʭ ʧʫʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʝʥ 

ʨʘʟʥʳʡ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʛʝʥʝʨʦʚ (ʪ.ʥ. ʧʨʦʬʠʣʴ). ʇʨʦʬʠʣʠ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʢʘʢ ʧʦʯʚʳ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʣʝʪʥʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʩʭʦʜʥʳʭ ʧʨʦʬʠʣʝʡ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʶ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʘʭ ʷʚʣʷʝʪʩʷ ʝɦ ʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʟʘ ʩʯʝʪ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʬʠʣʷ ʚ ʭʦʜʝ 

ʚʠʜʦ-, ʪʢʘʥʝ- ʠ ʢʦʥʛʝʥʝʨ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤʘʭ (Assefa et al., 2019).  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʷʡʮʘ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʙʠʦʠʥʜʠʢʘʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ r ʜʠʦʢʩʠʥʘʤʠ (DiGangi, Petrlik, 2005). ʅʦ 

ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʦʥʠ ʦʪʨʘʞʘʶʪ ʵʪʦ ʟʘʛʨʷʟʥʝʥʠʝ, ʥʝ ʠʟʫʯʝʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʠ ʩʦʜʝʨʞʘʥʠʷ 

ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʠ ʷʡʮʘʭ ʝʜʠʥʠʯʥʳ, ʥʝʦʜʥʦʟʥʘʯʥʳ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʝʜʝʥʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʢʘʢʦʛʦ-ʪʦ ʦʜʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ (ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʡ ʟʘʚʦʜ, 

ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ) ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʦʮʝʥʢʦʡ ʵʢʚʠʚʘʣʝʥʪʦʚ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (Harnly et al., 2000; Air et al., 2003; Pirard et al., 2004; Van Overmeire et 

al., 2009). ʅʝʪ ʜʘʥʥʳʭ ʦ ʢʦʨʨʝʣʷʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʘ ʪʘʢʞʝ ʦ ʨʘʟʙʨʦʩʝ 

ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪ.ʢ. ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʤʝʰʘʥʥʳʝ ʦʙʨʘʟʮʳ. ʅʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ ʧʦ ʘʥʘʣʠʟʫ ʠʭ ʧʨʦʬʠʣʝʡ ʚ ʷʡʮʘʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ 

ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʜʣʷ ʦʮʝʥʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʘʤʠ ʠ ʜʠʙʝʥʟʦʬʫʨʘʥʘʤʠ (ʥʘ ʧʨʠʤʝʨʝ ɺʴʝʪʥʘʤʘ). 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1. ʦʮʝʥʠʪʴ ʫʨʦʚʥʠ ʠ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʜʠʦʢʩʠʥʘʤʠ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ 

ʧʦʯʚ ʚ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ɺʴʝʪʥʘʤʘ.  

2. ʠʟʫʯʠʪʴ ʩʚʷʟʴ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʠ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʚ ʧʦʯʚʘʭ ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ. 

3. ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʇʍɼɼ/ʌ ʠ 

ʦʮʝʥʢʠ ʠʭ ʚʢʣʘʜʘ ʚ ʦʙʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦ ʘʥʘʣʠʟʫ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʤʘʩʰʪʘʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʇʍɼɼ/ʌ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ 

ɺʴʝʪʥʘʤʘ. 

ɺʧʝʨʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ, 
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ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚ. 

ʇʦʜʪʚʝʨʞʜʝʥʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʙʠʦʥʘʢʦʧʣʝʥʠʝ ʢʦʥʛʝʥʝʨʦʚ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ ʧʦ ʘʥʘʣʠʟʫ ʧʨʦʬʠʣ ̫ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʢʫʨ, ʘ ʪʘʢʞʝ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤ ʢʫʨ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʧʦʤʠʤʦ ʧʦʯʚʳ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʉʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʇʍɼɼ/ʌ, ʩʚʷʟʠ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ, 

ʘ ʪʘʢʞʝ ʚ ʠʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ.  

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʙʘʟʘ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʝ çʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʙʠʦʠʥʜʠʢʘʮʠʠè ï ʦʮʝʥʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʘʥʘʣʠʟʫ ʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ ʚ 

ʙʠʦʪʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʩʝʣʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ/ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ɻʍ-

ʄʉɺʈ) ʩ ʠʟʦʪʦʧʥʳʤ ʨʘʟʙʘʚʣʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʣʠʯʠʥʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʦʬʠʣʷʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ. ʀʟʫʯʘʣʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʇʍɼɼ/ʌ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʢʘʢ ʜʦʩʪʫʧʥʦʛʦ, ʫʜʦʙʥʦʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʪʨʘʞʘʶʱʝʛʦ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʦʙʲʝʢʪʘ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʗʡʮʘ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʙʠʦʠʥʜʠʢʘʪʦʨʦʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦʯʚʳ) ʜʠʦʢʩʠʥʘʤʠ, ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʱʠʤ ʢʘʢ ʦʙʱʠʝ 

ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʧʝʨʚʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʇʍɼɼ/ʌ.  

2. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʇʍɼɼ/ʌ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ 

ʷʚʣʷʶʪʩʷ ʩʞʠʛʘʥʠʝ ʙʳʪʦʚʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʚʳʭʣʦʧʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʘʪʤʦʩʬʝʨʥʳʡ ʧʝʨʝʥʦʩ, ʥʝʠʟʚʝʩʪʥʳʡ ʠʩʪʦʯʥʠʢ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʨʦʬʠʣʝʤ ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ 

ʆʍɼɼ  ʠ ʆʨʘʥʞʝʚʳʡ ɸʛʝʥʪ, ʦʩʪʘʪʦʯʥʦʝ ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʠʟʚʝʩʪʥʳʭ çʛʦʨʷʯʠʭ ʪʦʯʢʘʭè, ʥʦ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʙʨʘʙʦʪʢʝ ʜʝʬʦʣʠʘʥʪʘʤʠ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

ɸʚʪʦʨ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʦʪʙʦʨʝ ʧʨʦʙ ʚ ʵʢʩʧʝʜʠʮʠʷʭ 2013 ʠ 2014 ʛʛ., ʧʨʦʚʦʜʠʣʘ ʚʩʝ 

ʵʪʘʧʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʚʢʣʶʯʘʷ ʵʢʩʪʨʘʢʮʠʶ ʠ ʦʯʠʩʪʢʫ, ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʭʨʦʤʘʪʦʛʨʘʤʤ, ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʧʦʜʛʦʪʦʚʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ  

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʨʝʛʫʣʷʨʥʦ ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʪʝʨʢʘʣʠʙʨʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩ ʩʠʩʪʝʤʦʡ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʢʦʣʣʦʢʚʠʫʤʘʭ, 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: The 33rd International Symposium on 

Halogenated Persistent Organic Pollutants and POPs Dioxin 2013 (ʊʵʛʫ, ʈʝʩʧ. ʂʦʨʝʷ, 25ï30 ʘʚʛʫʩʪʘ 

2013 ʛ.), ɺʪʦʨʦʡ ʉʲʝʟʜ ʘʥʘʣʠʪʠʢʦʚ ʈʦʩʩʠʠ (ʄʦʩʢʚʘ, 23-27 ʩʝʥʪʷʙʨʷ 2013 ʛ.), VI  ʤʦʣʦʜʝʞʥʘʷ 

ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭè (ʄʦʩʢʚʘ, 23ï25 ʘʧʨʝʣʷ 2014 ʛ.), I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʤʝʜʠʮʠʥʘè (ʄʦʩʢʚʘ, 09ï12 ʥʦʷʙʨʷ 2015 ʛ.), VII  ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʩʠʤʧʦʟʠʫʤ ʠ ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʂʠʥʝʪʠʢʘ ʠ ʜʠʥʘʤʠʢʘ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʦʣʴ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ Separation Science» (ʉʦʯʠ, 28 ʦʢʪʷʙʨʷ ï 6 ʥʦʷʙʨʷ 2018 ʛ.), XI  

ʚʩʝʨʦʩʩʠʡʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʧʦ ʘʥʘʣʠʟʫ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʕʢʦʘʥʘʣʠʪʠʢʘ-2019» (ʇʝʨʤʴ, 27 ʤʘʷ ï 01 ʠʶʥʷ 2019 ʛ.), The 39th International 

Symposium on Halogenated Persistent Organic Pollutants Dioxin 2019 (ʂʠʦʪʦ, ʗʧʦʥʠʷ, 25ï30 

ʘʚʛʫʩʪʘ 2019), ɺʦʩʴʤʦʡ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʂʠʥʝʪʠʢʘ ʠ 

ʜʠʥʘʤʠʢʘ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ Separation Science» (ʄʦʩʢʚʘ, 18ï

22 ʥʦʷʙʨʷ 2019), The 41th International Symposium on Halogenated Persistent Organic Pollutants 

Dioxin 2021, (ʊʷʥʴʮʟʠʥʴ, ʂʠʪʘʡ, 8ï11 ʥʦʷʙʨʷ 2021, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʯʘʩʪʠʝ) 

ʇʫʙʣʠʢʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺʳʩʰʝʡ 

ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʠ 9 

ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 3 ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. ʊʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 177 

ʩʪʨʘʥʠʮ, 48 ʨʠʩʫʥʢʦʚ, 15 ʪʘʙʣʠʮ ʚ ʦʩʥʦʚʥʦʤ ʪʝʢʩʪʝ ʠ 4 ʪʘʙʣʠʮ rʚ ʇʨʠʣʦʞʝʥʠʠ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʗ ʚʳʨʘʞʘʶ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ɹʨʦʜʩʢʦʤʫ ɽʬʠʤʫ ʉʦʣʦʤʦʥʦʚʠʯʫ ʠ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ 
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ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʀʇʕʕ ʈɸʅ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ, ʧʦʜʜʝʨʞʢʫ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʝ 

ʨʘʙʦʪʳ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʝʸ ʵʪʘʧʘʭ. ʗ ʙʣʘʛʦʜʘʨʥʘ ʐʝʣʝʧʯʠʢʦʚʫ ɸ.ɸ. ʟʘ 

ʧʦʤʦʱʴ ʚ ʩʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʚʦʝʥʠʠ ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; ʨʫʢʦʚʦʜʩʪʚʫ ʠ 

ʩʦʪʨʫʜʥʠʢʘʤ ʛʦʣʦʚʥʦʛʦ, ʧʨʠʤʦʨʩʢʦʛʦ ʠ ʶʞʥʦʛʦ ʦʪʜʝʣʝʥʠʡ ʉʦʚʤʝʩʪʥʦʛʦ ʈʦʩʩʠʡʩʢʦ-

ɺʴʝʪʥʘʤʩʢʦʛʦ ʊʨʦʧʠʯʝʩʢʦʛʦ ʎʝʥʪʨʘ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʜʠʮʠʡ, ʘ 

ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʯʘʩʪʥʠʢʘʤ ʵʢʩʧʝʜʠʮʠʡ: ʏʠʥʴ ʍʘʢ ʐʘʫ, ʅʛʫʝʥ ʂʠʤ ʊʭʫʠ, ʄʘʡ ʂʫʘʥʛ 

ʊʫʘʥ, ʅʛʫʵʥ ʊʭʘʥʴ ʊʫʘʥ, ʍʘʥ ɿʳʡ ʃʠʥ; ʈʫʤʘʢʫ ɺ.ʉ. ʠ ʋʤʥʦʚʦʡ ʅ.ɺ. ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ʌʝʦʢʪʠʩʪʦʚʦʡ ʅ.ʖ. ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʶ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʣʘʜʘ; ʊʠʫʥʦʚʫ ɸ.ɺ. ʟʘ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ; ʄʠʨ-ʂʘʜʳʨʦʚʦʡ ɽ.ʗ., ʂʦʚʘʣʴʯʫʢ ʖ.ʃ., ʉʘʚʠʥʝʮʢʦʡ ʃ.ɽ. ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʢʦʣʣʦʢʚʠʫʤʦʚ; ʩʦʪʨʫʜʥʠʢʫ ʧʦʯʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. 

ɼʦʢʫʯʘʝʚʘ ʉʝʤʝʥʦʚʫ ʄ.ɺ. ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʶ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʦʯʚʝʥʥʦʤʫ 

ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ. ʗ ʙʣʘʛʦʜʘʨʶ ʩʚʦʶ ʩʝʤʴʶ, ʘ ʪʘʢʞʝ ɾʫʢʦʚʫ ʖ.ɸ., ʉʫʨʢʦʚʫ ɽ.ʅ., 

ʇʦʪʘʰʥʠʢʦʚʫ ɽ.ɺ. ʟʘ ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʥʝʬʦʨʤʘʣʴʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ. 

1.1. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʦʚ ʠ 

ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ 

1.1.1. ʉʪʨʦʝʥʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ (ʇʍɼɼ) ʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʜʠʙʝʥʟʦʬʫʨʘʥʳ (ʇʍɼʌ) - ʵʪʦ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʶʪ ʜʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʫʤʷ ʢʠʩʣʦʨʦʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ 

ʚ ʩʣʫʯʘʝ ʜʠʦʢʩʠʥʦʚ ʠ ʦʜʥʠʤ ʚ ʩʣʫʯʘʝ ʬʫʨʘʥʦʚ ʠ ʠʤʝʶʱʠʝ ʜʦ 8 ʘʪʦʤʦʚ ʭʣʦʨʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ 

ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʚ ʧʦʟʠʮʠʷʭ ʩ 1 ʧʦ 4 ʠ ʩ 6 ʧʦ 9 (ʨʠʩʫʥʦʢ 1) (ʄʘʡʩʪʨʝʥʢʦ, ʍʘʤʠʪʦʚ, ɹʫʜʥʠʢʦʚ, 

1996; Fiedler, 2003; Shields et al., 2006, 2015). 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʦʚ ʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ. 

 

ɺʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 75 ʢʦʥʛʝʥʝʨʦʚ (ʢʦʥʛʝʥʝʨ ï ʦʜʥʦ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʚʝʱʝʩʪʚ, ʩʚʷʟʘʥʥʳʭ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʩʪʨʫʢʪʫʨʝ ʠʣʠ ʬʫʥʢʮʠʷʤ (IUPAC, 2019) ʇʍɼɼ ʠ 135 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɼʌ. ʉʨʝʜʠ ʵʪʠʭ 210 ʩʦʝʜʠʥʝʥʠʡ 17 ʢʦʥʛʝʥʝʨʦʚ ʠʤʝʶʪ ʘʪʦʤʳ ʭʣʦʨʘ ʚ ʧʦʟʠʮʠʷʭ 

2,3,7 ʠ 8 ʠ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ çʜʠʦʢʩʠʥʦʚʦʡè ʪʦʢʩʠʯʥʦʩʪʴʶ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʛʨʫʧʧʳ ʇʍɼɼ ʠ ʇʍɼʌ ʧʦ ʩʪʝʧʝʥʷʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʱʠʤ ʯʠʩʣʦʤ 

ʠʟʦʤʝʨʦʚ ʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʠʟʦʤʝʨʦʚ. 
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ʊʘʙʣʠʮʘ 1. ɻʨʫʧʧʳ ʇʍɼɼ/ʌ ʧʦ ʩʪʝʧʝʥʷʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʦ ʠʟʦʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 2,3,7,8-

ʟʘʤʝʱʝʥʥʳʭ. 

ɻʨʫʧʧʘ ʧʦ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ 

ɸʙʙʨʝʚʠʘʪʫʨʘ ʂʦʣʠʯʝʩʪʚʦ 

ʘʪʦʤʦʚ 

ʭʣʦʨʘ 

ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʦʤʝʨʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

2,3,7,8-

ʟʘʤʝʱʝʥʥʳʭ 

ʠʟʦʤʝʨʦʚ 

ɼʠʦʢʩʠʥʳ 

ʄʦʥʦʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ʄʍɼɼ 1 2 0 

ɼʠʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ɼʍɼɼ 2 10 0 

ʊʨʠʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ʊʨʍɼɼ 3 14 0 

ʊʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ʊʍɼɼ 4 22 1 

ʇʝʥʪʘʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ʇʝʍɼɼ 5 14 1 

ɻʝʢʩʘʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ɻʢʍɼɼ 6 10 3 

ɻʝʧʪʘʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ɻʧʍɼɼ 7 2 1 

ʆʢʪʘʭʣʦʨʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʳ ʆʍɼɼ 8 1 1 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʛʝʥʝʨʦʚ   75 7 

ʌʫʨʘʥʳ 

ʄʦʥʦʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ʄʍɼʌ 1 4 0 

ɼʠʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ɼʍɼʌ 2 16 0 

ʊʨʠʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ʊʨʍɼʌ 3 28 0 

ʊʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ʊʍɼʌ 4 38 1 

ʇʝʥʪʘʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ʇʝʍɼʌ 5 28 2 

ɻʝʢʩʘʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ɻʢʍɼʌ 6 16 4 

ɻʝʧʪʘʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ɻʧʍɼʌ 7 4 2 

ʆʢʪʘʭʣʦʨʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ ʆʍɼʌ 8 1 1 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʛʝʥʝʨʦʚ   135 10 
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ʇʍɼɼ/ʌ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ. ʍʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʦʢʪʘʥʦʣ-ʚʦʜʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʆʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʢ ʧʦʯʚʝ, ʯʘʩʪʠʯʢʘʤ ʟʦʣʳ ʠ ʜʦʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʥʘʢʦʧʣʝʥʠʶ ʠ 

ʤʠʛʨʘʮʠʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʦʩʪʫʧʣʝʥʠʶ ʚ ʚʦʟʜʫʭ, ʚʦʜʫ ʠ 

ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ (ʌʝʜʦʨʦʚ, 1993; ʄʘʡʩʪʨʝʥʢʦ, ʍʘʤʠʪʦʚ, ɹʫʜʥʠʢʦʚ, 1996; Bashkin, 2008). ɺ 

ʘʪʤʦʩʬʝʨʝ ʇʍɼɼ/ʌ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʠ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʧʨʠ ʵʪʦʤ 

ʢʦʥʛʝʥʝʨʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ (ʤʝʥʝʝ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ) ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ (Shields et al., 2006; 2015). 

ʊʘʙʣʠʮʘ 2. ʂʦʵʬʬʠʮʠʝʥʪ r ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʢʪʘʥʦʣ-ʚʦʜʘ (log Kow) ʜʣʷ 2,3,7,8-

ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ (Mackay et al., 2006). 

ʂʦʥʛʝʥʝʨ log Kow ʂʦʥʛʝʥʝʨ log Kow 

2,3,7,8-ʊʍɼɼ 5.38-8.93 2,3,7,8-ʊʍɼʌ 5.82-7.70 

1,2,3,7,8-ʇʝʍɼɼ 6.49-7.50 1,2,3,7,8-ʇʝʍɼʌ 6.47-6.99 

1,2,3,4,7,8-ɻʢʍɼɼ 7.12-10.89 2,3,4,7,8-ʇʝʍɼʌ 6.56-7.82 

1,2,3,6,7,8-ɻʢʍɼɼ 7.58-9.13 1,2,3,4,7,8-ɻʢʍɼʌ 6.92-7.86 

1,2,3,7,8,9-ɻʢʍɼɼ 6.9-8.02 1,2,3,6,7,8-ɻʢʍɼʌ 6.93-7.96 

1,2,3,4,6,7,8-ɻʧʍɼɼ 7.43-11.98 2,3,4,6,7,8-ɻʢʍɼʌ 6.94-7.65 

ʆʍɼɼ 7.59-13.08 1,2,3,7,8,9-ɻʢʍɼʌ 7.00-7.76 

  1,2,3,4,6,7,8-ɻʧʍɼʌ 7.37-9.25 

  1,2,3,4,7,8,9-ɻʧʍɼʌ 6.90-8.50 

  ʆʍɼʌ 7.90-13.93 

ʇʍɼɼ/ʌ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢ, ʦʥʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʪʘʙʠʣʴʥʳ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʠ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʠʪʝʣʷʤ ʚ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɼʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 ºʉ ʧʨʦʮʝʩʩ ʠʭ ʨʘʟʣʦʞʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦ (Mackay et al., 2006). ʇʍɼɼ/ʌ ʢʨʘʡʥʝ ʫʩʪʦʡʯʠʚʳ ʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʠ ʬʦʪʦʣʠʟʘ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʧʦʯʚʘ-ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʚʦʟʜʫʭ. ʇʦ ʨʘʟʥʳʤ 

ʦʮʝʥʢʘʤ ʧʝʨʠʦʜ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ 2,3,7,8-ʊʍɼɼ ʚ ʧʦʯʚʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʣʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʜʦ 100 ʣʝʪ ʥʘ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ (Mackay et al., 2006). 



14 

1.1.2. ʊʦʢʩʠʯʥʦʩʪʴ 

ʇʍɼɼ/ʌ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʦʟʦʟʘʚʠʩʠʤʳʭ ʚʠʜʦ-ʩʧʝʮʠʬʠʯʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʦ ʚʳʨʘʞʝʥʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʚʢʣʶʯʘʷ ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ (Van den Berg et al., 1994; Birnbaum, Tuomisto, 2000). 

ʇʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ, ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʦʚ ʘʥʦʤʘʣʴʥʳʭ ʙʠʦʦʪʚʝʪʦʚ, ʥʘʨʫʰʘʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʤʤʫʥʥʳʭ, ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ 

ʪʦʢʩʠʯʥʦʩʪʠ ʜʠʦʢʩʠʥʦʚ ʩʚʷʟʘʥ ʩʦ ʩʪʠʤʫʣʷʮʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʤʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ (ʛʣʦʙʠʥʳ, 

ʮʠʪʦʭʨʦʤʳ ʉ, ʢʘʪʘʣʘʟʘ, ʧʝʨʦʢʩʠʜʘʟʘ), ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʤʦʱʥʦʡ ʠʥʜʫʢʮʠʝʡ ʤʠʢʨʦʩʦʤʘʣʴʥʳʭ 

ʬʝʨʤʝʥʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʥʦʚ ʩ ʮʠʪʦʟʦʣʴʥʳʤ ʨʝʮʝʧʪʦʨʦʤ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ɸhR) (ʄʘʡʩʪʨʝʥʢʦ, ʍʘʤʠʪʦʚ, ɹʫʜʥʠʢʦʚ, 1996; Schecter et al., 

2006; ʉʦʬʨʦʥʦʚ, 2019).  

ɺ ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʧʦʩʪʫʧʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʳʤ ʠ ʣʘʢʪʘʮʠʦʥʥʳʤ ʧʫʪʷʤʠ, ʘ ʪʘʢʞʝ ʚʤʝʩʪʝ ʩ 

ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ (ʉʦʬʨʦʥʦʚ ʠ ʜʨ., 2016). ʈʘʩʯʝʪʥʘʷ ʩʨʝʜʥʷʷ ʩʤʝʨʪʝʣʴʥʘʷ ʜʦʟʘ ʜʠʦʢʩʠʥʦʚ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʨʘʚʥʘ 70 ʤʢʛ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ. ʋ ʯʝʣʦʚʝʢʘ 

ʦʩʥʦʚʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ʦʩʪʨʦʛʦ ʪʷʞʝʣʦʛʦ ʦʪʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʭʣʦʨʘʢʥʝ, ʛʠʧʝʨʧʠʛʤʝʥʪʘʮʠʷ, 

ʥʘʨʫʰʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʯʝʥʠ, ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʦʚ ʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ, 

ʪʦʰʥʦʪʘ, ʨʚʦʪʘ, ʛʦʣʦʚʥʳʝ ʙʦʣʠ (ʆʧʝʢʫʥʦʚʘ, 2016). ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ çʜʠʦʢʩʠʥʦʚʘʷ ʧʘʪʦʣʦʛʠʷè - 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʪ ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʚʠʜʝ 

ʧʦʨʘʞʝʥʠʷ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ (ʭʣʦʨʘʢʥʝ), ʥʝʭʦʜʞʢʠʥʩʢʦʡ ʣʠʤʬʦʤʳ, ʩʘʨʢʦʤʳ ʤʷʛʢʠʡ ʪʢʘʥʝʡ ʠ 

ʜʨ. ʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʩ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʨʠʯʠʥʥʦʡ ʩʚʷʟʴʶ ʩ ʦʩʪʨʳʤ ʣʠʙʦ ʭʨʦʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʦʢʩʠʥʦʚ (ʇʦʟʥʷʢʦʚ ʠ ʜʨ., 2006; 

ʉʦʬʨʦʥʦʚ, ʈʫʤʘʢ, ʃʘʟʘʨʝʥʢʦ, 2010). ɹʳʣʘ ʜʦʢʘʟʘʥʘ ʨʦʣʴ ʇʍɼɼ/ʌ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʫ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʠʤʝʨʝ ʨʘʙʦʯʠʭ ʄʉɿ ʚ ʂʠʪʘʝ (Zhang et al., 2019). ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʠʦʢʩʠʥʦʚʦʡ ʧʘʪʦʣʦʛʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʬʦʣʠʘʥʪʘʤʠ ʚʦ ʚʨʝʤʷ 

ʚʦʡʥʳ ʚʦ ɺʴʝʪʥʘʤʝ ʚ ʧʝʨʠʦʜ 1961-1971 ʛʛ., ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʥʠʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʜʦʨʦʚʴʷ 

ʞʝʥʱʠʥ ʠʟ ʧʦʩʣʝʚʦʝʥʥʳʭ ʧʦʢʦʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʳʪʘʣʠ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʆʨʘʥʞʝʚʦʛʦ 

ɸʛʝʥʪʘ, ʧʦʣʫʯʝʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫ ʞʝʥʱʠʥ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʝʤʦʨʙʠʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʘʪʦʣʦʛʠʡ ʩʦ ʩʪʦʨʦʥʳ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʦʨʛʘʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʧʦʪʝʨʴ ʩ 

ʨʘʡʦʥʦʤ ʧʨʦʞʠʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʠʷʥʠʝʤ ʜʠʦʢʩʠʥʦʚ (ʋʤʥʦʚʘ ʠ ʜʨ., 2011). 

ʅʘʯʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʜʠʦʢʩʠʥʦʚʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ ʠ/ʠʣʠ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ, ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʢʣʝʪʦʢ. 

ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʨʝʘʢʮʠʡ ʢʣʝʪʦʯʥʳʭ ʠ ʩʫʙʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʚʥʳʝ 
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ʧʦ ʜʦʟʦʚʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʥʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʧʝʮʠʬʠʢʦʡ 

ʛʝʥʦʪʠʧʘ, ʧʦʣʘ ʠ ʚʦʟʨʘʩʪʘ (ʈʫʤʘʢ, ʋʤʥʦʚʘ, ʉʦʬʨʦʥʦʚ, 2014). ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʠʩʢʠ ʜʣʷ 

ʟʜʦʨʦʚʴ ̫ ʥʘʩʝʣʝʥʠʷ ʥʝʩʫʪ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʜʠʦʢʩʠʥʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʥʠʤ ʚʠʨʫʩʦʚ ʠ ʠʟʤʝʥʝʥʠʝʤ ʪʝʯʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʢʘʯʝʩʪʚ ʫ ʥʠʩʭʦʜʷʱʠʭ ʧʦʢʦʣʝʥʠʡ (ʈʫʤʘʢ, 

ʋʤʥʦʚʘ, 2018). 

ʅʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʡ ʠʟ ʚʩʝʭ ʇʍɼɼ/ʌ 2,3,7,8-ʊʍɼɼ ʦʪʥʝʩʝʥ ʄʝʞʜʫʥʘʨʦʜʥʳʤ 

ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʢʘ (ʄɸʀʈ) ʢ ʚʝʱʝʩʪʚʘʤ ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʜʣʷ ʯʝʣʦʚʝʢʘ (ʢʘʪʝʛʦʨʠʷ 1) 

(Fiedler, 2003). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, 2,3,7,8-ʊʍɼɼ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʤʦʪʦʨʦʤ 

ʨʦʩʪʘ ʦʧʫʭʦʣʝʡ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʤʠ ʢʘʥʮʝʨʦʛʝʥʘʤʠ (ʆʧʝʢʫʥʦʚʘ, 2016). ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʢʦʤ, ʫ ʜʝʪʝʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʘʜʝʨʞʢʠ 

ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʡʨʦʧʦʚʝʜʝʥʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (ʧʦʚʳʰʝʥʠʝ ʬʝʨʤʝʥʪʦʚ ʧʝʯʝʥʠ ʠ ʦʙʱʝʛʦ ʯʠʩʣʘ ʣʠʤʬʦʮʠʪʦʚ) 

(Bashkin, 2008). ɺr ʷʚʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʦʪʢʣʦʥʝʥʠʝʤ ʜʚʠʛʘʪʝʣʴʥʦʡ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʴʝʪʥʘʤʩʢʠʭ ʤʣʘʜʝʥʮʝʚ ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʫʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʊʍɼɼ ʩ 

ʤʘʪʝʨʠʥʩʢʠʤ ʤʦʣʦʢʦʤ (ʉʦʬʨʦʥʦʚ ʠ ʜʨ., 2016). 

ɼʚʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʦʪʚʝʪʘ ʥʘ ʚʳʩʦʢʠʝ ʜʦʟʳ ʇʍɼɼ/ʌ, ʥʘʙʣʶʜʘʝʤʳʝ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ï ʵʪʦ ʩʠʥʜʨʦʤ ʠʩʪʦʱʝʥʠʷ ʠ ʠʥʚʦʣʶʮʠʷ ʣʠʤʬʦʠʜʥʦʡ ʪʢʘʥʠ (Safe, 

1990). ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʦʩʪʨʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 2,3,7,8-

ʊʍɼɼ ʷʚʣʷʶʪʩʷ ʤʦʨʩʢʠʝ ʩʚʠʥʢʠ, ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ LD50 ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʥʠʭ 0,6-2,0 ʤʢʛ/ʢʛ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʭʦʤʷʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 1157-5000 ʤʢʛ/ʢʛ, ʜʣʷ ʩʦʙʘʢ ï 

100-200 ʤʢʛ/ʢʛ (Safe, 1990; Schecter et al., 2006). ʂʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ 

ʥʦʨʢʠ ʠ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʨʳʩ. ʉʨʝʜʥʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʥʦʛʠʝ ʢʨʳʩʳ, 

ʤʳʰʠ, ʩʦʙʘʢʠ, ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, ʣʦʰʘʜʠ, ʥʝ ʯʝʣʦʚʝʢʦʧʦʜʦʙʥʳʝ ʧʨʠʤʘʪʳ (Birnbaum, 

Tuomisto, 2000). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʇʍɼɼ/ʌ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʪʠʮ ʨʘʟʣʠʯʘʝʪʩʷ 

ʪʳʩʷʯʝʢʨʘʪʥʦ. ʅʘʧʨʠʤʝʨ, ʜʦʤʘʰʥʠʝ ʢʫʨʳ (Gallus gallus domesticus) ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʳʢʥʦʚʝʥʥʦʡ ʢʨʘʯʢʠ (Sterna hirundo) ʚ 250 

ʨʘʟ ʥʠʞʝ (Head, Hahn, Kennedy, 2008; Farmahin et al., 2012, 2013). ɺʘʞʥʦ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʘʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʧʦʢʘʟʘʪʝʣʷʭ ʣʝʪʘʣʴʥʦʩʪʠ ʦʪ ʦʩʪʨʦʛʦ ʦʪʨʘʚʣʝʥʠʷ, ʜʨʫʛʠʝ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (Birnbaum, Tuomisto, 2000).  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʦʚ-ʤʠʰʝʥʝʡ 2,3,7,8-ʊʍɼɼ ʷʚʣʷʝʪʩʷ ʧʝʯʝʥʴ. ʈʘʟʦʚʦʝ ʠʣʠ 

ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 2,3,7,8-ʊʍɼɼ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʧʘʩʦʚ ʚʠʪʘʤʠʥʘ ɸ ʚ ʧʝʯʝʥʠ ʠ 

ʫʩʢʦʨʝʥʠʶ ʝʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʤʥʦʛʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʦʪʤʝʯʘʝʪʩʷ ʛʠʧʝʨʧʣʘʟʠʷ, 
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ʞʠʨʦʚʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʠ ʥʝʢʨʦʟ. ʋ ʥʝ ʯʝʣʦʚʝʢʦʧʦʜʦʙʥʳʭ ʦʙʝʟʴʷʥ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʝʨʧʣʘʟʠʷ 

ʞʝʣʫʜʢʘ. ʆʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʞʠʨʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʝʡ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʋ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ (Eisenia 

andrei) ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʇʍɼɼ/ʌ ʧʦʯʚʝ ʦʪʤʝʯʘʣʠʩʴ ʥʘʨʫʰʝʥʠʷ ʩʪʝʥʢʠ 

ʢʠʰʝʯʥʠʢʘ ʠ ʭʣʦʨʘʛʦʛʝʥʥʦʡ ʪʢʘʥʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ 

ʵʢʩʧʨʝʩʩʠʠ ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʚ (Roubalova et al., 2014). 

2,3,7,8-ʊʍɼɼ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʠ ʵʥʜʦʢʨʠʥʥʫʶ 

ʩʠʩʪʝʤʳ. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʘ ʫ 

ʢʫʨ. ʋ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ 2,3,7,8-ʊʍɼɼ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʘʨʫʰʝʥʠʷ ʩʝʨʜʝʯʥʦʡ ʬʫʥʢʮʠʠ ʠ ʠʟʤʝʥʝʥʠʝ ʘʥʘʪʦʤʠʠ ʩʝʨʜʮʘ. ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʛʦʨʤʦʥʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (Birnbaum, Tuomisto, 2000). 

ɼʠʦʢʩʠʥʳ ʦʢʘʟʳʚʘʶʪ ʪʝʨʘʪʦʛʝʥʥʦʝ ʠ ʦʪʨʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʵʤʙʨʠʦʥʳ, ʚʳʟʳʚʘʷ ʠʭ 

ʩʤʝʨʪʥʦʩʪ.ɹ ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʠʟʫʯʝʥʠʶ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʥʦʚ ʥʘ ʨʘʟʚʠʪʠʝ 

ʵʤʙʨʠʦʥʦʚ ʢʫʨ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʞʝʣʪʦʯʥʳʡ ʤʝʰʦʢ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʛʦ ʷʡʮʘ ʜʦʟr ʤʝʥʝʝ 1 ʥʛ 

ʧʦʷʚʣʷʣʠʩʴ ʧʦʨʦʢʠ ʨʘʟʚʠʪʠʷ ʧʨʘʚʳʭ ʧʦʣʫʰʘʨʠʡ ʤʦʟʛʘ, ʣʘʧ ʠ ʢʣʶʚʘ ʵʤʙʨʠʦʥʦʚ, ʘ ʫ 

ʚʳʣʫʧʠʚʰʠʭʩʷ ʮʳʧʣʷʪ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ, ʨʝʜʢʦʝ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʦʧʝʨʝʥʠʝ. 

ɺʳʚʦʜʠʤʦʩʪʴ (ʜʦʣʷ ʚʳʣʫʧʠʚʰʠʭʩʷ ʧʪʝʥʮʦʚ) ʩʥʠʞʘʣʘʩʴ ʜʦ 40 %, ʪʦʛʜʘ ʢʘʢ ʦʙʳʯʥʘʷ ʦʞʠʜʘʝʤʘʷ 

ʚʳʚʦʜʠʤʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʙʦʣʝʝ 90 %. ʇʨʠ ʚʚʝʜʝʥʠʠ 1.8 ʥʛ ʚʳʚʦʜʠʤʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʜʦ 

20 %, ʘ ʧʨʠ ʜʦʟʝ ʚ 4.5 ʥʛ ʧʦʛʠʙʘʣʠ ʚʩʝ ʵʤʙʨʠʦʥʳ (Flick et al., 1973). ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, 

ʚʚʝʜʝʥʠʝ 2,3,7,8-ʊʍɼɼ ʚ ʙʝʣʦʢ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʛʦ ʷʡʮʘ ʥʘ ʫʨʦʚʥʝ ʜʦ 7,5 ʥʛ ʥʝ ʦʢʘʟʳʚʘʣʦ 

ʚʣʠʷʥʠʷ ʥʘ ʚʳʚʦʜʠʤʦʩʪʴ, ʘ ʧʨʠ ʚʚʝʜʝʥʠʠ 10 ʥʛ ʚʳʣʫʧʣʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʣʦʩʴ (Mitsui et 

al., 2001). ʋ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠʛʨʫʥʢʠ (Callithrix jacchus) ʥʘʢʦʧʣʝʥʥʘʷ ʜʦʟʘ 2,3,7,8-ʊʍɼɼ ʦʢʦʣʦ 

1,5 ʤʢʛ/ʢʛ ʞʠʚʦʛʦ ʚʝʩʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʚʳʢʠʜʳʰʫ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʥʫʪʩʷ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ. ʗʚʥʦ ʚʳʨʘʞʝʥʥʳʝ ʫʨʦʜʩʪʚʘ ʦʙʥʘʨʫʞʝʥʳ ʫ ʤʳʰʝʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʘ 6ï

15-ʝ ʩʫʪʢʠ ʙʝʨʝʤʝʥʥʦʩʪʠ 1ï3 ʤʢʛ/ʢʛ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʥʘ 11-ʝ 

ʩʫʪʢʠ ʙʝʨʝʤʝʥʥʦʩʪʠ. ʀʟ ʫʨʦʜʩʪʚ ʯʘʱʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʝ ʥʝʙʘ (ʆʧʝʢʫʥʦʚʘ, 2016). 

ʄʥʦʛʠʝ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʚ ʦʪʚʝʪ ʥʘ ʜʦʟʳ ʥʠʞʝ ʚʳʟʳʚʘʶʱʠʭ ʢʘʢʠʝ-ʣʠʙʦ 

ʚʠʜʠʤʳʝ ʵʬʬʝʢʪʳ ʚ ʦʨʛʘʥʠʟʤʝ ʤʘʪʝʨʠ. ʉʨʝʜʠ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ 

ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʳʝ ʜʝʬʝʢʪʳ, ʛʠʜʨʦʥʝʬʨʦʟ, ʧʦʨʦʢʠ ʩʝʨʜʮʘ, ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, 

ʘʪʨʦʬʠʷ ʪʠʤʫʩʘ ʠ ʩʝʣʝʟʝʥʢʠ (Birnbaum, Tuomisto, 2000; Yoshioka, Tohyama, 2019). ɽʩʪʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʩʥʠʞʝʥʠʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 2,3,7,8-ʊʍɼɼ ʩʦʦʪʥʦʰʝʥʠʷ ʤʫʞʩʢʠʭ ʠ ʞʝʥʩʢʠʭ 

ʦʩʦʙʝʡ ʚ ʧʦʪʦʤʩʪʚʝ ʛʨʳʟʫʥʦʚ, ʨʳʙ (Danio rerio) ʠ ʯʝʣʦʚʝʢʘ. ɺʥʫʪʨʠʫʪʨʦʙʥʘʷ ʠ ʣʘʢʪʘʮʠʦʥʥʘʷ 

ʵʢʩʧʦʟʠʮʠʷ ʢʘʢ ʩʘʤʮʦʚ, ʪʘʢ ʠ ʩʘʤʦʢ ʤʳʰʝʡ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʥʘʰʠʚʘʥʠʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʦ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ 

(Viluksela, Pohjanvirta, 2019).  
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ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʥʦʚ ʥʘ ʵʢʦʩʠʩʪʝʤʥʦʤ 

ʫʨʦʚʥʝ. ʊʘʢ, ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʫʩʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʛʨʘʜʘʮʠʠ ʨʠʬʦʚʳʭ 

ʩʦʦʙʱʝʩʪʚ ʚ ʟʘʣʠʚʝ ʅʷʯʘʥʛ (ɺʴʝʪʥʘʤ) ʧʦʩʣʫʞʠʣ ʚʳʥʦʩ ʜʠʦʢʩʠʥʩʦʜʝʨʞʘʱʠʭ ʛʝʨʙʠʮʠʜʥʳʭ 

ʨʝʮʝʧʪʫʨ, ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʚʦ ɺʴʝʪʥʘʤʝ (ʇʘʚʣʦʚ ʠ ʜʨ., 2004). 

ɼʠʦʢʩʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʚ ʚʠʜʝ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʩʤʝʩʠ ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʩʠʩʪʝʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʦʢʩʠʯʥʦʩʪʠ (ʂʊ) (ʪʘʙʣʠʮʘ 3). ʊʦʢʩʠʯʥʦʩʪʴ 2,3,7,8-ʊʍɼɼ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʦʡ 1, ʪʦʢʩʠʯʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚʳʨʘʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

2,3,7,8-ʊʍɼɼ (Keke, Bunce, 1999). ʆʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʩʤʝʩʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

ʩʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʫʤʥʦʞʝʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʂʊ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʦʡ ʚ 1990-ʝ ʛʦʜʳ ʙʳʣʘ ʩʠʩʪʝʤʘ ʂʊ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ 

ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ɸʆʆʉ) ʉʐɸ (Shields et al., 2006). ɺ 1998 ʛʦʜʫ ʙʳʣʘ 

ʚʚʝʜʝʥʘ, ʘ ʚ 2005 ʧʝʨʝʩʤʦʪʨʝʥʘ ʠ ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʝʥʘ ʩʠʩʪʝʤʘ ʂʊ ʚʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) (Van den Berg et al., 1998, 2006). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʝʜʝʥʥʳʝ ʂʊ ʨʘʩʩʯʠʪʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʝʨʦʨʘʣʴʥʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʢʩʧʦʟʠʮʠʠ ʯʝʨʝʟ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʦʢʩʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʚ ʘʙʠʦʪʠʯʝʩʢʠʭ ʤʘʪʨʠʮʘʭ ʩ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʝ ʦʯʝʥʴ ʦʧʨʘʚʜʘʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦʪ ʧʦʜʭʦʜ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʩʨʘʚʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʜʠʦʢʩʠʥʘʤʠ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ ʧʦʯʚʘ, ʚʦʟʜʫʭ, ʚʦʜʘ, 

ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʠ ʟʘʢʨʝʧʣʝʥ ʚʦ ʤʥʦʛʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʘʭ 

(Van den Berg et al., 2006). 
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ʊʘʙʣʠʮʘ 3. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ. 

 

(ɸʆʆʉ ʉʐɸ, 

1989) 
ɺʆɿ 1998 ɺʆɿ 2005 

2,3,7,8-ʊʍɼɼ 1 1 1 

1,2,3,7,8-ʇʝʍɼɼ  0,5 1 1 

1,2,3,4,7,8-ɻʢʍɼɼ 0,1 0,1 0,1 

1,2,3,6,7,8-ɻʢʍɼɼ 0,1 0,1 0,1 

1,2,3,7,8,9-ɻʢʍɼɼ 0,1 0,1 0,1 

1,2,3,4,6,7,8-ɻʧʍɼɼ 0,1 0,01 0,01 

ʆʍɼɼ 0,001 0,0001 0,0003 

2,3,7,8-ʊʍɼʌ  0,1 0,1 0,1 

1,2,3,7,8-ʇʝʍɼʌ 0,05 0,05 0,03 

2,3,4,7,8-ʇʝʍɼʌ 0,5 0,5 0,3 

1,2,3,4,7,8-ɻʢʍɼʌ 0,1 0,1 0,1 

1,2,3,6,7,8-ɻʢʍɼʌ 0,1 0,1 0,1 

2,3,4,6,7,8-ɻʢʍɼʌ 0,1 0,1 0,1 

1,2,3,7,8,9-ɻʢʍɼʌ 0,1 0,1 0,1 

1,2,3,4,6,7,8-ɻʧʍɼʌ 0,01 0,01 0,01 

1,2,3,4,7,8,9-ɻʧʍɼʌ 0,01 0,01 0,01 

ʆʍɼʌ 0,001 0,0001 0,0003 

1.1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʆʩʦʙʝʥʥʦʩʪʠ ʫʩʚʦʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟʫʯʝʥʳ ʰʠʨʦʢʦ, ʪʦʛʜʘ ʢʘʢ ʫʩʚʦʝʥʠʶ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʜʠʦʢʩʠʥʳ, ʧʝʩʪʠʮʠʜʳ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʪ.ʜ. ʫʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʨʘʚʠʣʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ (Kan, Meijer, 2007). ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʣʠʧʦʬʠʣʴʥʳʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʪ̫ʩʷ ʠ ʇʍɼɼ/ʌ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʩʚʦʝʥʠʷ, ʩʢʦʨʦʩʪʴʶ ʤʝʪʘʙʦʣʠʟʤʘ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʳʚʝʜʝʥʠʶ ʠʟ ʦʨʛʘʥʠʟʤʘ, ʘ 

ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʢʪʘʥʦʣ-ʚʦʜʘ (log Kow). ʉʧʦʩʦʙʥʳʤʠ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʩʯʠʪʘʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʫ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʴ log Kow ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʪ 5 ʜʦ 7-8 

(de Solla, 2015). 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʍɼɼ/ʌ, ʪʘʢʠʝ ʢʘʢ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʣʝʛʢʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ, ʩʦʭʨʘʥʝʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʞʠʨʦʩʦʜʝʨʞʘʱʠʭ ʪʢʘʥʷʭ (Fiedler, 2003; Jaspers, Megson, OôSullivan, 
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2014; de Solla, 2015). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʢʢʫʤʫʣʷʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʞʠʚʦʪʥʦʛʦ, ʪʠʧʘ ʪʢʘʥʠ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʞʠʚʦʪʥʳʝ, 

ʟʘʥʠʤʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʣʦʞʝʥʠʷ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ, ʥʘʢʘʧʣʠʚʘʶʪ ʇʍɼɼ/ʌ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʇʦʜʦʙʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʧʠʱʝʚʦʡ ʮʝʧʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʙʠʦʤʘʛʥʠʬʠʢʘʮʠʠ (Broman et al., 1992; Fletcher, McKay, 1993; 

MacKay, Fraser, 2000; Borga et al., 2004). ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʠʮ 

ʚʦʩʴʤʠ ʚʠʜʦʚ ʜʠʢʠʭ ʧʪʠʮ ʠʟ ʨʘʡʦʥʘ ʦʟʝʨʘ ɼʫʥʪʠʥʭʫ ʚ ʂʠʪʘʝ, ʛʜʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʨʦʬʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚʠʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ ʚ ʡ̫ʮʘʭ (Fang et al., 2007). 

ʆʜʥʘʢʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ 12 ʚʠʜʘʭ ʨʳʙ ʚ ʨʝʢʘʭ ʊʠʪʪʘʙʘʚʘʩʩʝ ʠ ʉʘʛʠʥʦ 

ʚ ʉʐɸ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʫ ʢʘʨʧʘ (Cyprinus carpio) ʠ ʢʘʥʘʣʴʥʦʛʦ 

ʩʦʤʠʢʘ (Ictalurus punctatus), ʟʘʥʠʤʘʶʱʠʭ ʩʘʤʳʝ ʥʠʟʢʠʝ ʪʨʦʬʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʵʪʠ ʚʠʜʳ, ʷʚʣʷʷʩʴ ʙʝʥʪʦʬʘʛʘʤʠ, 

ʫʧʦʪʨʝʙʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ (Wan et al., 2010). ʆʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʪʘʢʞʝ ʠ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʇʍɼɼ/ʌ ï ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʘʤʮʘʤʠ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʢʦʥʛʝʥʝʨʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʧʝʯʝʥʠ ʩʘʤʦʢ ʙʦʣʴʰʦʛʦ 

ʙʘʢʣʘʥʘ (Phalacrocorax carbo), ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠ ʵʪʦʤ ʢʘʢ ʧʨʘʚʠʣʦ ʙʳʣʦ ʚʳʰʝ ʫ ʩʘʤʮʦʚ 

(Kubota et al., 2013). ɺ ʧʦʜʢʦʞʥʦʤ ʞʠʨʝ ʙʘʡʢʘʣʴʩʢʦʡ ʥʝʨʧʳ (Pusa sibirica), ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ (ʥʦ ʥʝ ʇʍɼʌ) ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʩʘʤʮʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ 

ʣʘʢʪʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʩʘʤʦʢ (Imaeda et al., 2009). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤʝ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʟʘʚʠʩʠʪ ʦʪ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ: ʢʦɻʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʠ ʥʠʞʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ (ʂʨʠʚʦʣʫʮʢʠʡ ʠ ʜʨ., 2002; Henriksson et al., 2017). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʢʘʢ 

ʥʘʩʳʱʝʥʠʝʤ ʞʠʨʦʚʳʭ ʪʢʘʥʝʡ ʯʝʨʚʝʡ ʵʪʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʪʘʢ ʠ ʧʦʯʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (Shang et al., 2013). 

ʅʘʢʦʧʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤʘʭ ʷʚʣʷʝʪʩʷ ʚʠʜʦ- ʠ ʪʢʘʥʝ-

ʩʧʝʮʠʬʠʯʥʳʤ (De Vries, Kwakkel, Kijlstra, 2006; Piskorska-Pliszczynska et al., 2014). ʉʪʝʧʝʥʴ 

ʫʩʚʦʝʥʠʷ ʊʍɼɼ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ ʛʨʳʟʫʥʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 50-85 %. ʇʝʨʠʦʜ 

ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʫ ʛʨʳʟʫʥʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 8 ʜʦ 31 ʜʥʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʚʳʚʝʜʝʥʠʝ (ʦʪ 22 ʜʦ 94 ʜʥʝʡ) . ʋ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ 

ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ï ʦʢʦʣʦ ʛʦʜʘ ʫ ʤʘʢʘʢ-ʨʝʟʫʩ ʠ 6-11 ʣʝʪ ʫ ʯʝʣʦʚʝʢʘ 

(Mackay et al., 2006; Schecter et al., 2006; Bashkin, 2008). ʇʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʚ ʷʡʮʘʭ ʢʫʨ 

ʧʦʨʦʜʳ ʙʝʣʳʡ ʃʝʛʛʦʨʥ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 10 ʜʥʝʡ, ʘ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʢ 30 ʜʥʶ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʦʟʠʮʠʠ (Petreas et al., 1991). 
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ɹʠʦʥʘʢʦʧʣʝʥʠʝ ʟʘʚʠʩʠʪ ʠ ʦʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʊʘʢ, ʧʦʛʣʦʱʝʥʠʝ ʇʍɼɼ/ʌ ʢʫʨʘʤʠ ʠʟ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʢʦʨʤʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90 %, ʪʦʛʜʘ ʢʘʢ ʠʟ ʧʦʯʚʳ 40-60 % (Van Eijkeren et al., 

2006). ʆʜʥʘʢʦ ʢʘʢʠʝ ʠʤʝʥʥʦ ʧʦʯʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʩʥʠʞʝʥʠʝ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ, ʦʩʪʘʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʚʳʷʩʥʝʥʥʳʤ. ʊʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʈʦʙʝʨʪʩʘ ʠ ʜʨ. (Roberts, 

Lowney, Stuchal, 2019) ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʚʠʩʠʤʦʩʪʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ ʦʪ 

pH ʠ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. ɹr ʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʖʘʥ ʠ ʜʨ. (Yuan et al., 2021) ʘʤʦʨʬʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʥʝ 

ʩʥʠʞʘʣʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 2,3,7,8-ʊʍɼɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ ʚ ʢʫʢʫʨʫʟʥʦʤ ʤʘʩʣʝ. 

ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʥʝ ʩʥʠʞʘʣʘʩʴ ʪʘʢʞʝ ʫ ʊʍɼɼ, ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʩʤʝʢʪʠʪʦʚʳʭ ʛʣʠʥʘʭ (Boyd et al., 2011; Kaplan et al., 2011). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ, 

ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʧʠʨʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (Yuan et al., 2021). 

ʇʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤʳ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʢʦʥʛʝʥʝʨ-ʩʧʝʮʠʬʠʯʥʳʤ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʯʝʤ ʤʝʥʝʝ 

ʭʣʦʨʠʨʦʚʘʥʥʳʝ. ʊʘʢ, ʚ ʢʦʨʦʚʴʝ ʤʦʣʦʢʦ ʠʟ ʢʦʨʤʘ ʧʦʩʪʫʧʘʝʪ 30-40 % 2,3,7,8-ʊʍɼɼ, 1,2,3,7,8-

ʇʝʍɼɼ ʠ 2,3,4,7,8-ʇʝʍɼʌ, 15-20 % ʛʝʢʩʘ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʠ ʥʝ ʙʦʣʝʝ 5 % ʛʝʧʪʘ- ʠ 

ʦʢʪʘ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ (McLachlan et al., 1990; Welsch-Pausch, McLachlan, 1998). ʋ 

ʜʦʤʘʰʥʠʭ ʢʫʨ ʩʪʝʧʝʥʴ ʧʝʨʝʥʦʩʘ ʇʍɼɼ/ʌ ʠʟ ʢʦʨʤʘ ʚ ʷʡʮʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʤʝʥʝʝ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʢ ʙʦʣʝʝ ʭʣʦʨʠʨʦʚʘʥʥʳʤ (Hoogenboom et al., 2006; Pirard, De Pauw, 

2006). ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʦʨʛʘʥʠʟʤʝ ʝʚʨʦʧʝʡʩʢʦʛʦ ʫʛʨ̫ (Anguilla anguilla) (Van 

Der Oost et al., 1996) ʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ (Henriksson et al., 2017). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɹʨʦʤʘʥʘ 

(Broman et al., 1992) ʙʠʦʤʘʛʥʠʬʠʢʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʜʣʷ ʪʨʝʭ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ, ʪʦʛʜʘ ʢʘʢ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɼɼ/ʌ, ʥʘʦʙʦʨʦʪ, ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʧʦʣʦʞʝʥʠʷʤ ʧʠʱʝʚʳʭ ʮʝʧʝʡ (ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʍɼɼ/ʌ).  

ɼʣʷ ʦʮʝʥʢʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ. ʉʦʛʣʘʩʥʦ ʊʨʵʚʠʩʫ ʠ ɸʨʤʩʫ (Travis, Arms, 1988), ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʨʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʙʠʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (bioconcentration factor, BCF), ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʦʨʛʘʥʠʟʤʝ ʠʣʠ ʪʢʘʥʠ ʢ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʝ (ʜʣʷ ʚʦʜʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ) ʠʣʠ ʚ ʧʠʱʝ (ʜʣʷ ʥʘʟʝʤʥʳʭ ʦʨʛʘʥʠʟʤʦʚ). ʊʦʛʜʘ ʢʘʢ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ɻʦʙʘʩʘ ʠ 

ʄʦʨʠʩʩʦʥʘ (Gobas, Morrison, 2000) ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʩʪʫʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʚʦʜʳ ʯʝʨʝʟ ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʦʨʛʘʥʳ ʠ/ʠʣʠ 

ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ. ʆʥʠ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʙʠʦʥʘʢʦʧʣʝʥʠʷ/ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ (bioaccumulation factor, BAF), ʢʦʵʬʬʠʮʠʝʥʪ 

ʙʠʦʤʘʛʥʠʬʠʢʘʮʠʠ (biomagnification factor, BMF), ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʢʫʤʫʣʷʮʠʠ ʙʠʦʪʘ-ʜʦʥʥʳʝ 

ʦʩʘʜʢʠ (biota-sediment bioaccumulation factor, BSAF). ʇʨʠ ɻʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ 

ʫʯʠʪʳʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʯʝʨʝʟ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ, ʚʢʣʶʯʘʷ ʧʦʩʪʫʧʣʝʥʠʝ ʩ ʧʠʱʝʡ, ʯʝʨʝʟ ʦʨʛʘʥʳ 

ʜʳʭʘʥʠʷ ʠ ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ (Thomann, 1989; Gobas, Morrison, 2000). ʂʦʵʬʬʠʮʠʝʥʪ 

ʙʠʦʤʘʛʥʠʬʠʢʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʦʨʛʘʥʠʟʤʝ ʢ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʠʱʝ (Gobas, Morrison, 2000; MacKay, Fraser, 2000; Borga et al., 2004). 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʢʢʫʤʫʣʷʮʠʠ ʙʠʦʪʘ-ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʠʦʥʘʢʦʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ (Van Der Oost et al., 1996; Gobas, Morrison, 2000). 

ɼʣʷ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʢʫʤʫʣʷʮʠʠ ʙʠʦʪʘ-ʧʦʯʚʘ (biota-soil 

accumulation factor, BSAF). ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʙʠʦʥʘʢʦʧʣʝʥʠʶ ʇʍɼɼ/ʌ, 

ʪʝʨʤʠʥ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʟʘʯʘʩʪʫʶ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʨʘʚʥʦʟʥʘʯʥʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʢʢʫʤʫʣʷʮʠʠ ʙʠʦʪʘ-ʧʦʯʚʘ (ʂʨʠʚʦʣʫʮʢʠʡ ʠ ʜʨ., 2002; Piskorska-Pliszczynska et al., 

2014; Henriksson et al., 2017). ʈʷʜ ʘʚʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Van Der Oost et al., 1996; Gobas, Morrison, 2000; Shang 

et al., 2013). 

ɺʩʪʨʝʯʘʝʪʩʷ ʪʘʢʞʝ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʧʝʨʝʥʦʩʘ (biotransfer factor, BTF), ʢʦʪʦʨʳʡ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʪʢʘʥʠ ʢ ʝʛʦ ʩʫʪʦʯʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ 

(Travis, Arms, 1988; Fries et al., 1999; Fernandes et al., 2011). ʇʦʜ ʬʘʢʪʦʨʦʤ/ʩʪʝʧʝʥʴʶ ʧʝʨʝʥʦʩʘ 

(carry-over factors, carry-over rates) ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʜʦʣʷ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʦʨʛʘʥʠʟʤ ʚʝʱʝʩʪʚʘ, 

ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʢʘʥʠ (McLachlan et al., 1990; Fries et al., 1999; Hoogenboom et al., 

2006). 

ʀʟ-ʟʘ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ (ʥʘ ʩʳʨʦʡ ʚʝʩ, ʥʘ ʩʫʭʦʡ ʚʝʩ, ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ, ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ) ʩʨʘʚʥʝʥʠʝ ʧʨʠʚʦʜʠʤʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ (ʪʘʙʣʠʮʘ 4.). 



  

ʊʘʙʣʠʮʘ. 4. ʂʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʦʙʲʝʢʪʘʭ. 
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ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ 

Lumbricus terrestris, 

ʭʠʤ. ʟʘʚʦʜ ʚ ʋʬʝ 

(ʂʨʠʚʦʣʫʮʢʠʡ ʠ ʜʨ., 

2002) 

ʉʧʦʯʚʘ ï ʥʘ 

ʩʫʭʦʡ ʚʝʩ 

ʉʯʝʨʚʠ ïʥʘ ʚʝʩ 

ʧʦʩʣʝ 

ʜʝʧʨʦʪʝʠʥʠʟʘʮ

ʠʠ 

7,49 8,73 6,51 2,3 2,05 1,02 0,52 7,66 5,3 3,03 1,96 0,46 1,69 0,66 1,04 0,73 0 

ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ 

Aporrectodea caliginosa 

ʠ Lumbricus rubellus, 

ʣʝʩʦʧʠʣʴʥʳʡ ʟʘʚʦʜ ʚ 

ʐʚʝʮʠʠ (Henriksson et 

al., 2017) 

ʉʧʦʯʚʘ ï ʥʘ ʩʫʭʦʡ 

ʚʝʩ 

ʉʯʝʨʚʠ ï ʥʘ 

ʩʳʨʦʡ ʚʝʩ 

0,13 0,1 0,07 0,15 0,07 0,13 0,12 0,12 0,14 0,1 0,19 0,13 0,1 0,1 0,05 0,09 0,1 

ʂʦʨʦʚʴʝ ʤʦʣʦʢʦ, 

(ʜʦʙʘʚʣʝʥʠʝ ʚ ʢʦʨʤ 

ʜʨʝʚʝʩʠʥʳ, 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʇʍʌ 

(Fries et al., 1999) 

ʉʢʦʨʤ ï ʥʘ ʩʫʭʦʡ 

ʚʝʩ 

ʉʤʦʣʦʢʦ ï ʥʘ ʞʠʨ 

7,1 5 3,1 3,7 2,6 0,68 0,08 NA NA 3,5 3 3,1 1,9 NA 0,72 0,87 0,07 

ʂʫʨʳ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ, ʘʙʜʦʤʠʥʘʣʴʥʳʡ 

ʞʠʨ (Piskorska-

Pliszczynska et al., 2014) 

ʉʧʦʯʚʘ ïʥʘ ʩʫʭʦʡ 

ʚʝʩ 

ʉʪʢʘʥʴ ïʥʘ ʞʠʨ 

2 5 5 8 7 2 0 1 2 7 1 1 3 0 1 0 0 

ʂʫʨʳ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ, ʧʝʯʝʥʴ 

(Piskorska-Pliszczynska 

et al., 2014) 

ʉʧʦʯʚʘ ïʥʘ ʩʫʭʦʡ 

ʚʝʩ 

ʉʪʢʘʥʴ ïʥʘ ʞʠʨ 

4 8 14 20 21 25 6 6 7 16 3 3 17 0 4 2 5 

2

2
2
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1.2. ʀʩʪʦʯʥʠʢʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥʦʚ ʠ 

ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ 

1.2.1. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʆʙʱʘʷ ʩʭʝʤʘ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʇʍɹ ʠ 

ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ ʧʝʩʪʠʮʠʜʳ, ʇʍɼɼ/ʌ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʠ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʠʥʪʝʟʘ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ (Hutzinger, Fiedler, 1993; Fiedler, 2003; de Solla, 2015; 

Kanan, Samara, 2018). ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʜʠʦʢʩʠʥʳ ʦʙʨʘʟʫʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ 

ʥʘʢʦʧʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚ ʪʘʢʞʝ ʠ ʠʭ ʧʨʠʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (Tirler, Basso, 2013). 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ, ʬʠʟʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʦʢʩʠʥʳ ʠʟ 

ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʠ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʬʦʨʤʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʪʦʨʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ ʠ ʜʦʥʥʳʝ ʦʩʘʜʢʠ, 

ʢʦʤʧʦʩʪ, ʦʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (Fiedler, 2003; Bashkin, 2008; Jaspers, Megson, OôSullivan, 2014). 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʇʍɼɼ/ʌ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʝ, ʢʦʛʜʘ 

ʜʠʦʢʩʠʥʳ ʷʚʣʷʶʪʩʷ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʜʠʦʢʩʠʥʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ 

ʛʦʨʝʥʠʝ, ʧʠʨʦʣʠʟ ʠ ʜʨ.  

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤ 

ʧʨʦʬʠʣʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʛʝʥʝʨʦʚ, ʷʚʣʷʷʩʴ ʥʝʨʝʜʢʦ ʠʟʦʤʝʨʩʧʝʮʠʬʠʯʥʳʤʠ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʆʨʘʥʞʝʚʳʡ ɸʛʝʥʪ (ʆɸ) ï ʩʤʝʩʴ 1:1 ʵʬʠʨʦʚ 2,4-

ʜʠʭʣʦʨʬʝʥʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (2,4-ɼ) ʠ 2,4,5-ʪʨʠʭʣʦʨʬʝʥʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (2,4,5-T), 

ʧʨʠʤʝʥʷʚʰʘʷʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʬʦʣʠʘʥʪʘ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʚʦ ɺʴʝʪʥʘʤʝ, ʘ ʠʤʝʥʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

2,3,7,8-ʊʍɼɼ ʧʨʠ ʩʠʥʪʝʟʝ 2,4,5-ʊ. ʇʨʦʬʠʣʠ ʇʍɼɼ/ʌ ʚ ʩʦʣ̫ʭ ʠ ʵʬʠʨʘʭ 2,4-ɼ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 1,2,3,4,6,7,8-ɻʧʍɼʌ (ʦʢʦʣʦ 40 %) ʠ ʚʳʩʦʢʠʤ (14 %) ʚʢʣʘʜʦʤ 1,2,3,7,8 ï 

ʇʝʍɼɼ, ʦʜʥʘʢʦ ʠʭ ʦʙʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2,4,5-ʊ (Cleverly et al., 1997; 

Schecter et al., 1997; Ferrario, Byrne, Cleverly, 2000). ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʆɸ ʭʘʨʘʢʪʝʨʥʦ 
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ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʣʴʢʦ 2,3,7,8-ʊʍɼɼ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʢʦʥʛʝʥʝʨʳ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ.  

ɽʱʝ ʦʜʥʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʦʢʩʠʥʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʥʪʘʭʣʦʨʬʝʥʦʣʘ (ʇʍʌ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʦʡ ʧʨʠʤʝʩʴʶ ʷʚʣʷʝʪʩʷ 

ʆʍɼɼ, ʧʨʠ ʵʪʦʤ ʚ ʧʨʦʙʘʭ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʆʍɼʌ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʨʥʦ ʚ 

10 ʨʘʟ ʤʝʥʴʰʝ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ ï ʛʝʧʪʘ- ʠ 

ʛʝʢʩʘʭʣʦʨʟʘʤʝʱʝʥʥʳʝ ʜʠʦʢʩʠʥʳ ʠ ʬʫʨʘʥʳ (Cull et al., 1984; Hagenmaier, Brunner, 1987). ɼʨʫʛʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʣʦʨʬʝʥʦʣʳ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʇʍɼɼ/ʌ, ʚʢʣʶʯʘʶʪ: 2-, 3- ʠ 

4-ʭʣʦʨʬʝʥʦʣ, 2,4,6- ʠ 3,4,5-ʪʨʠʭʣʦʨʬʝʥʦʣ, 2,3,4,5- ʠ 2,3,4,6-ʪʝʪʨʘʭʣʦʨʬʝʥʦʣ. ʌʘʢʪʦʨʘʤʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʦʙʨʘʟʦʚʘʥʠʶ ʇʍɼɼ/ʌ, ʷʚʣʷʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʱʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ, ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ (Safe, Hutzinger, 1990). 

ɹʦʣʝʝ ʩʣʦʞʥʳʤ ʧʨʠʤʝʨʦʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʇʍɼɼ/ʌ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʙʠʬʝʥʠʣʘ ʨʝʘʢʮʠʝʡ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʝʱʝʩʪʚʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʇʍɼɼ, ʥʦ ʦʢʠʩʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʙʠʬʝʥʠʣʘ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʇʍɼʌ. ʇʨʠ ʵʪʦʤ ʠʭ ʩʪʝʧʝʥʴ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʨʢʠ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʥʦ ʟʘʯʘʩʪʫʶ ʜʦʤʠʥʠʨʫʶʪ ʧʝʥʪʘ- ʠ ʛʝʢʩʘ-

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ (Rappe, 1994; Johnson et al., 2008). 

ʇʍɼʌ ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʶʪ ʧʨʠ ʭʣʦʨ-ʱʝʣʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʦ ʭʘʨʘʢʪʝʨ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʦʡ: ʊʍɼʌ, ʇʝʭɼʌ ʠ ɻʢʍɼʌ ʥʘʭʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʧʨʠ ʵʪʦʤ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʩ ʦʙʱʝʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 2,3,7,8-

ʟʘʤʝʱʝʥʥʳʝ ʢʦʥʛʝʥʝʨʳ (Rappe et al., 1991). ʉʭʦʜʥʳʡ ʧʨʦʬʠʣʴ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʦʩʘʜʢʝ, 

ʦʙʨʘʟʫʶʱʝʤʩʷ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ, ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʜʳ, ʠ ʚ ʭʣʦʨʠʜʘʭ ʘʣʶʤʠʥʠʷ ʠ ʤʝʜʠ, ʦʜʥʘʢʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ (Heindl, Hutzinger, 1986; Rappe et al., 1991). ɺ ʧʨʦʬʠʣʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʠ 2,3,7,8-ʊʍɼɼ 

(Swanson et al., 1988). 

ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʵʤʠʩʩʠʷ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʨʘʟʜʝʣʷʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʝ 

(ʄʉɿ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʟʘʚʦʜʳ, ʢʨʝʤʘʪʦʨʠʠ) ʠ ʧʝʨʝʜʚʠʞʥʳʝ (ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʩʠʛʘʨʝʪʥʳʡ ʜʳʤ, 

ʜʦʤʘʰʥʠʝ ʧʝʯʠ ʥʘ ʫʛʣʝ, ʜʨʦʚʘʭ) (Hutzinger, Fiedler, 1993). ɼʘʥʥʳʡ ʪʠʧ ʠʩʪʦʯʥʠʢʦʚ ʦʙʲʝʜʠʥʷʝʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʳʙʨʦʩʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʦʞʘʨʳ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʧʨʦʬʠʣʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʇʍɼɼ/ʌ ʥʝ ʩʪʦʣʴ ʧʦʩʪʦʷʥʝʥ, ʢʘʢ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ, ʠ 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʪʠʧ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʠʧ ʠ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʠʧ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ 
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(Cleverly et al., 1997; Pham et al., 2019). ɺ ʩʣʫʯʘʝ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʪʘʢʞʝ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʩʚʷʟʠ 

ʪʠʧʘ ʙʠʦʤʘʩʩʳ ʠ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ (Gullett, Touati, 2003). ʆ ʝʜʠʥʦʤ ʧʨʦʬʠʣʝ ʥʝʚʦʟʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʚʳʙʨʦʩʦʚ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ, 

ʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ (Hagenmaier, Lindig, 

She, 1994; Cleverly et al., 1997; Everaert, Baeyens, 2002): 

- ʦʪʥʦʰʝʥʠʝ ʇʍɼʌ/ʇʍɼɼ ʚʩʝʛʜʘ ʙʦʣʴʰʝ 1, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʞʠʛʘʥʠʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʠ ʜʨʝʚʝʩʠʥʳ, ʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʣʷ 

ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʪʝʧʝʥʷʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚʥʫʪʨʠ 

ʛʨʫʧʧʳ ʇʍɼɼ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʛʝʧʪʘ-ʠ ʦʢʪʘ-ʢʦʥʛʝʥʝʨʦʚ; 

- ʚʢʣʘʜ 2,3,7,8-ʊʍɼɼ ʩʦʩʪʘʚʣʷʝʪ ʢʘʢ ʧʨʘʚʠʣʦ ʦʪ 0.1 % ʜʦ 1 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʇʍɼɼ/ʌ.  

- ʚ ʛʨʫʧʧʝ ʬʫʨʘʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʪʝʧʝʥʷʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚʘʨʴʠʨʫʝʪ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʥʪʘ-, 

ʛʝʢʩʘ- ʠ ʛʝʧʪʘ- ʭʣʦʨʠʨʦʚʘʥʥʳʝ. 

ʆʜʥʘʢʦ, ʝʩʪʴ ʠ ʠʩʢʣʶʯʝʥʠʷ. ʊʘʢ, ʩʞʠʛʘʥʠʝ ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʬʠʣʷ, ʚ ʢʦʪʦʨʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʇʍɼʌ/ʇʍɼɼ ʤʝʥʴʰʝ 1, ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʆʍɼɼ (>30%), 1,2,3,4,6,7,8-ɻʧʍɼɼ ʠ 1,2,3,7,8,9-ɻʢʍɼɼ, ʘ ʚʢʣʘʜ ʬʫʨʘʥʦʚ ʤʠʥʠʤʘʣʝʥ 

(Ferrario, Byrne, Cleverly, 2000). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʥʛʝʥʝʨʥʳʡ ʩʦʩʪʘʚ ʚ ʚʳʭʣʦʧʘʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʨʘʟʣʠʯʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʦʧʣʠʚʘ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʚʙʣʠʟʠ ʘʚʪʦʪʨʘʩʩ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʩʩʳ ʠ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʤʘʣʳʭ ʦʙʦʨʦʪʘʭ (Shields et al., 2015). 

ɺ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ ʚʘʞʥʳʤ ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʇʍɼɼ/ʌ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʝ 

ʩʞʠʛʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʢʦʚʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (Shields et al., 

2006, 2015). ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʥʛʝʥʝʨʥʳʡ ʩʦʩʪʘʚ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʦʪʭʦʜʦʚ (ʙʳʪʦʚʳʝ 

ʦʪʭʦʜʳ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʫʩʦʨ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ), ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʞʠʛʘʥʠʷ, 

ʯʘʩʪʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʞʠʛʘʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚʦ ʚʨʝʤʷ ʩʞʠʛʘʥʠʷ 

(Shields et al., 2015). ʅʘ ʬʦʥʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʇʍɼɼ/ʌ ʩ 

1980-ʭ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʪʘʢʠʭ ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʨʷʜʫ ʩ ʧʨʠʨʦʜʥʳʤʠ 

ʧʦʞʘʨʘʤʠ ʩʪʘʣ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʊʘʢ, ʚ ʉʐɸ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʳʙʨʦʩʳ ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ 

95,5 % ʩ 14 ʢʛ TEQ ʚ 1987 ʛ. ʜʦ 0.6 ʢʛ TEQ ʚ 2012 ʛ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʙʨʦʩʳ ʠʟ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʨʦʩʣʠ ʩ 2,3 ʢʛ TEQ ʜʦ 3.3 ʢʛ TEQ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ 

89% ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʇʍɼɼ/ʌ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʧʦʞʘʨʳ ʥʘ ʩʚʘʣʢʘʭ, ʣʝʩʥʳʝ ʧʦʞʘʨʳ ʠ ʩʞʠʛʘʥʠʝ 

ʦʪʭʦʜʦʚ ʚ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ (Dwyer, Themelis, 2015). ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʧʦ ʜʘʥʥʳʤ ʥʘ 2004 ʛ. 
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ʚʢʣʘʜ ʩʞʠʛʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʣ 10 %, ʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ï 15% (Environment Agency, 2007). ɺ ʏʠʣʠ ʩʞʠʛʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʠ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʜʠʦʢʩʠʥʦʚ (Salamanca, Chandía, Hernández, 2016). ɸʥʘʣʠʟ 86 ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʘʜʘʩʪʨʦʚ ʚʳʙʨʦʩʦʚ 

ʇʍɼɼ/ʌ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ (ʚ ʩʨʝʜʥʝʤ 45 %) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʨʫʧʧʫ 

ʠʩʪʦʯʥʠʢʦʚ ʦʪʢʨʳʪʦʛʦ ʩʞʠʛʘʥʠʷ (Fiedler, 2015). ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʠʩʪʦʯʥʠʢʦʚ ʦʪʥʦʩʷʪʩʷ ʛʦʨʝʥʠʝ 

ʙʠʦʤʘʩʩʳ (ʚʢʣʶʯʘʷ ʚʩʝ ʚʠʜʳ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ, ʩʞʠʛʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ 

ʜʨ.) ʠ ʦʪʭʦʜʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʞʠʛʘʥʠʝ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʘ ʩʚʘʣʢʘʭ ʠʣʠ ʚ ʯʘʩʪʥʳʭ 

ʭʦʟʷʡʩʪʚʘʭ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ), ʘ ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʝ ʚʦʟʛʦʨʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʩʪʨʦʝʥʠʡ ʠ ʟʘʚʦʜʦʚ (UNEP, 2013). 

ʇʦʤʠʤʦ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʧʨʠʨʦʜʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʦʢʩʠʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʆʍɼɼ ʠʟ ʇʍʌ ʚ ʜʦʞʜʝʚʦʡ ʚʦʜʝ 

(Baker, Hites, 2000) ʠ ʜʠʤʝʨʠʟʘʮʠʠ ʭʣʦʨʬʝʥʦʣʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʥʳʭ ʨʝʘʢʮʠʷʭ (Rappe, 

Öberg, Andersson, 1999; Muñoz, Gomez-Rico, Font, 2014). ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʧʨʦʬʠʣʷ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʙʨʘʥʥʳʭ ʜʦ 1933 ʛʦʜʘ (ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʍʌ ʥʘʯʘʣʦʩʴ ʧʦʩʣʝ 1933 ʛʦʜʘ), ʩ ʧʨʦʬʠʣʝʤ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʙʨʘʥʥʳʭ ʚ 

1980-ʭ ʛʦʜʘʭ, ʙr ʣʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʇʍɼɼ/ʌ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ 

(Lamparski, Nestrick, Stenger, 1984). ʇʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʪʘʢʞʝ ʦʧʠʩʘʥ ʜʣʷ ʪʦʨʬʷʥʳʭ 

ʵʢʦʩʠʩʪʝʤ (Silk et al., 1997) ʠ ʧʠʭʪʦʚʳʭ ʣʝʩʦʚ (Hoekstra et al., 1999). ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪʩʷ 

ʜʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ ɻʧʍɼɼ ʠ ʆʍɼɼ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ ʢʦʨʦʚ (Fries et al., 1997) ʠ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʆʍɼɼ ʠʟ ʧʨʝʢʫʨʩʦʨʦʚ (ʥʦʥʘʭʣʦʨ-2-ʬʝʥʦʢʩʠʬʝʥʦʣ) ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ 

ʢʨʳʩ (Huwe et al., 2000). ʆʜʥʘʢʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʚʢʣʘʜ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (Öberg, Rappe, 

1992). 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʛʠʧʦʪʝʟʘ ʧʨʠʨʦʜʥʦʛʦ ʩʠʥʪʝʟʘ ʇʍɼɼ/ʌ ʚ ʧʨʝʜʳʜʫʱʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ. ɺ ʢʦʥʮʝ 1990-ʭ ʚ ʉʐɸ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʇʍɼɼ/ʌ ʚ 

ʤʷʩʝ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʦʩʴ 

ʜʦʙʘʚʣʝʥʠʝ ʚ ʢʦʨʤ ʠʩʢʦʧʘʝʤʦʡ ʢʦʤʦʚʦʡ ʛʣʠʥʳ ʠʟ ʜʦʣʠʥʳ ʨ. ʄʠʩʩʠʩʠʧʠ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʩʣʝʞʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ (Hayward et al., 1999; Headrick et al., 1999; Ferrario, Byrne, 2000). ʇʨʠ 

ʵʪʦʤ ʧʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʚ ʛʣʠʥʘʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʠ ʦʜʥʦʤʫ ʠʟ ʧʨʦʬʠʣʝʡ ʠʟʚʝʩʪʥʳʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʕʪʠ ʛʣʠʥʳ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʘʦʣʠʥʠʪʘ ʩ ʥʝʙʦʣʴʰʦʡ 

ʧʨʠʤʝʩʴʶ ʠʣʣʠʪʘ ʠʣʠ ʩʤʝʢʪʠʪʘ ʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʚʝʱʝʩʪʚ. ɺʨʝʤʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʵʧʦʭʝ ʵʦʮʝʥʘ ʪʨʝʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ (ʦʢʦʣʦ 40-45 ʤʣʥ 

ʣʝʪ ʥʘʟʘʜ) (Hosterman, 1984). ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ ʚ ʵʪʠʭ ʛʣʠʥʘʭ 
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ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʬʫʨʘʥʦʚ, ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʆʍɼɼ, ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 1,2,3,7,8,9- ɻʢʍɼɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 2,3,7,8- ʟʘʤʝʱʝʥʥʳʤʠ ɻʢʍɼɼ, 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʪʝʪʨʘ- ʠ ʧʝʥʪʘ-ʢʦʥʛʝʥʝʨʦʚ (Ferrario, Byrne, 

Cleverly, 2000). ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʦʢʩʠʥʦʚ ʠ ʩʭʦʜʥʳʡ ʧʨʦʬʠʣʴ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥ rʪʘʢʞʝ ʚ 

ʢʘʦʣʠʥʠʪʦʚʳʭ ʛʣʠʥʘʭ ʚ ɻʝʨʤʘʥʠʠ (Rappe, Andersson, 2000; Rappe et al., 2001), ʀʩʧʘʥʠʠ (Abad et 

al., 2002), ʗʧʦʥʠʠ (Horii et al., 2008) ʠ ɸʚʩʪʨʘʣʠʠ (Prange et al., 2002). ʇʨʠʨʦʜʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʦʢʩʠʥʦʚ ʚ ʢʘʦʣʠʥʠʪʦʚʳʭ ʛʣʠʥʘʭ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ CSIA-ŭ37Cl (ʠʟʦʤʝʨ-ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ), 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʘʙʠʦʛʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (Holmstrand et al., 2006; Horii et al., 2008). 

ɻʫ ʠ ʜʨ. (Gu et al., 2008, 2011) ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʇʍɼɼ, ʚʢʣʶʯʘʷ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ in situ ʚ ʧʦʯʚʘʭ ʠ 

ʦʪʣʦʞʝʥʠʷʭ. ʊʘʢ, ʆʍɼɼ ʩʧʦʥʪʘʥʥʦ ʦʙʨʘʟʦʚʳʚʘʣʩ ̫ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʇʍʌ ʩ Fe(III )-

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʨʝʘʢʮʠʷ ʩ 2,4,5-ʊʍʌ ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 2,3,7,8-ʊʍɼɼ ʠ 1,2,4,7,8-ʇʝʭɼɼ (ʧʨʝʜʜʠʦʢʩʠʥʦʚ). ʇʨʠ 

ʵʪʦʤ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʷ ʬʫʨʘʥʦʚ, ʯʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʘʝʤʳʤ 

ʧʨʦʬʠʣʝʤ ʚ ʠʩʢʦʧʘʝʤʳʭ ʛʣʠʥʘʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 2,4,5-ʊʍʌ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʤʠʢʨʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʛʝʨʙʠʮʠʜʘ 2,4,5-ʊ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʆɸ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʥʝ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʪ.ʢ. ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʥʝʢʦʪʦʨʳʝ 

ʥʘʩʝʢʦʤʳʝ ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʭʣʦʨʬʝʥʦʣʳ (Ando, Kato, Suzuki, 1970; Hodin et al., 1991; 

Gribble, 1998; Hoekstra et al., 1999). 
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1.2.2. ʀʜʝʥʪʠʬʠʢʘʮʠ ̫ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʈʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʇʍɼɼ/ʌ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʳʤ ʥʘʙʦʨʦʤ ʢʦʥʛʝʥʝʨʦʚ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʇʍɹ, ʇɸʋ ʠ 

ʇʍɼɼ/ʌ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʦʥʛʝʥʝʨʦʚ), ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʭʦʨʦʰʦ ʩʝʙʷ ʧʦʢʘʟʘʣ ʤʝʪʦʜ «ʭʠʤʠʯʝʩʢʠʭ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ» (chemical 

fingerprinting). ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʇʍɼɼ/ʌ ʚ ʚʦʟʜʫʭʝ, ʧʦʯʚʘʭ, 

ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʧʝʨʚʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ (Alcock, Jones, 1996; Shields 

et al., 2006, ɹʨʦʜʩʢʠʡ ʠ ʜʨ., 2019). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʠʦʢʩʠʥʳ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʨʷʜ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʧʨʠ ʵʪʦʤ 

ʨʘʟʥʳʝ ʢʦʥʛʝʥʝʨʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʩʭʦʜʥʦʛʦ ʧʨʦʬʠʣʷ (Jaspers, Megson, OôSullivan, 2014). ɽʱʝ ʦʜʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʫʩʣʦʞʥʷʶʱʠʤ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʨʦʬʠʣʝʡ, ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʬʠʣʠ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʧʦʯʚʘ ʠ ʜʦʥʥʳʝ 

ʦʩʘʜʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʘʞʘʶʪ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʢʘʢ ʚ ʭʦʜʝ ʧʝʨʝʥʦʩʘ ʦʪ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢ ʠ 

ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ (Shields et al., 2006). ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʧʨʦʬʠʣʷʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʟ-ʟʘ ʚʠʜʦ-, ʪʢʘʥʝ- ʠ ʢʦʥʛʝʥʝʨ-

ʩʧʝʮʠʬʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʣʷ 

ʚʳʩʦʢʦ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʥʠʭ ʥʠʞʝ, ʯʝʤ ʚ ʘʙʠʦʪʠʯʝʩʢʠʭ ʤʘʪʨʠʮʘʭ, ʘ ʥʝ-2,3,7,8-

ʟʘʤʝʱʝʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

(Assefa et al., 2019). 

ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ ʠ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʷʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ ʧʦʨʷʜʢʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʦʬʠʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʐʠʣʜʩ ʠ ʜʨ. (Shields et al., 2006) 

ʧʨʠʚʦʜʷʪ 4 ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ: 

1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʛʦ 2,3,7,8-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ ʜʝʣʠʪʩʷ ʥʘ ʩʫʤʤʫ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʤʘʩʢʠʨʦʚʘʥʠʝ ʢʦʥʛʝʥʝʨʦʚ ʩ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʘ ʬʦʥʝ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʆʍɼɼ, ʢʦʪʦʨʦʝ ʦʯʝʥʴ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ.  
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2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʛʦ 2,3,7,8-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ ʜʝʣʠʪʩʷ ʥʘ ʩʫʤʤʫ ʚʩʝʭ 

ʢʦʥʛʝʥʝʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʝ ʧʦ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ 2,3,7,8-ʊʍɼɼ ʜʝʣʠʪʩʷ ʥʘ ʩʫʤʤʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʊʍɼɼ). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʆʍɼɼ ʠ ʆʍɼʌ ʜʝʣʷʪʩʷ ʥʘ ʩʫʤʤʫ ʚʩʝʭ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ 

ʜʠʦʢʩʠʥʦʚ ʠ ʬʫʨʘʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦʪ ʤʝʪʦʜ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʍʘʛʝʥʤʘʡʝʨʦʤ (Hagenmaier, Lindig and She, 1994), ʧʦʟʚʦʣʷʝʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʩ ʨʘʟʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʭʣʦʨʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʝʞʜʫ ʪʦʢʩʠʯʥʳʤʠ ʠ ʥʝʪʦʢʩʠʯʥʳʤʠ 

ʢʦʥʛʝʥʝʨʘʤʠ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴʩʷ. 

3.  ʕʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʢʘʞʜʦʛʦ 2,3,7,8-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ ʜʝʣʠʪʩʷ ʥʘ 

ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʘʢʠʝ 

ʢʦʥʛʝʥʝʨʳ ʚʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʪʦʢʩʠʯʥʦʩʪʴ. ɿʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʦʢʩʠʯʥʦʩʪʠ ʨʘʟʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʆʍɼɼ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝ ʤʘʩʢʠʨʫʝʪ ʢʦʥʛʝʥʝʨʳ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. ʆʜʥʘʢʦ, ʢʘʢ 

ʦʪʤʝʯʘʝʪ ʗʩʧʝʨʩ ʠ ʜʨ. (Jaspers, Megson, OôSullivan, 2014) ʵʢʚʠʚʘʣʝʥʪʳ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ ʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ, ʪ.ʢ. 

ʩʨʘʚʥʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʥʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦ, ʯʝʤ ʩʨʘʚʥʝʥʠʝ ʚʢʣʘʜʦʚ ʚ ʦʙʱʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ. 

4. ʉʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ ʛʨʫʧʧʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʜʝʣʠʪʩʷ ʥʘ ʩʫʤʤʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ. ʕʪʦ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʛʝʥʝʨ-

ʩʧʝʮʠʬʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʘʞʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʥʛʝʥʝʨʘʤʠ ʩ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʪʘʢʞʝ ʥʝ ʧʨʠʤʝʥʠʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ, ʪ.ʢ. ʚ 

ʦʨʛʘʥʠʟʤʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʝ 

ʢʦʥʛʝʥʝʨʳ. 

ɼʠʘʛʨʘʤʤʳ ʧʨʦʬʠʣʝʡ ʢʦʥʛʝʥʝʨʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʫʪ ʚʠʟʫʘʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʚʳʙʠʨʘʝʪʩʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ɺʩʪʨʝʯʘʝʪʩʷ ʪʘʢʞʝ ʠ 

ʚʳʨʘʞʝʥʠʝ ʧʨʦʬʠʣʝʡ ʚ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʣʠ ʚ ʵʢʚʠʚʘʣʝʥʪʘʭ ʪʦʢʩʠʯʥʦʩʪʠ ʙʝʟ 
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ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (Stephens et al., 1990; Lovett et al., 1998; DiGangi, Petrlík, 2005), ʯʪʦ ʚ ʝʱʝ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʪʨʫʜʥʷʝʪ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ ʦʪ 

ʧʨʦʩʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦ ʩʣʦʞʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʤʝʪʦʜʦʚ. ɺʠʟʫʘʣʴʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʬʠʣʠ 

ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʘʶʪʩʷ.  

ɼʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ), ʭʦʪʷ ʚʳʜʝʣʝʥʥʳʝ 

ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʣʴʟʷ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʨʝʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ (Johnson et al., 2015). ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʝʪʦʜʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ. ɺ ʧʨʠʥʮʠʧʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ çʩʳʨʳʝè ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʆʜʥʘʢʦ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʦʙʨʘʟʮʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʟʥʘʯʝʥʠʷ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʬʠʣʷ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʦʙʨʘʟʮʳ ʩʦ ʩʭʦʞʠʤʠ ʧʨʦʬʠʣʷʤʠ, ʥʦ ʩ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʫʨʦʚʥʷʤʠ ʥʝ ʙʫʜʫʪ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʨʷʜʦʤ ʥʘ ʛʨʘʬʠʢʝ ʟʥʘʯʝʥʠʡ ɻʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʝʨʚʦʡ ɻʂ ʠ ʚ 

ʮʝʣʦʤ ʤʝʪʦʜʘ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʘʩʪʠ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪʩʷ ʠʤʝʥʥʦ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʧʨʦʬʠʣʷʭ (Mudge, 2007, 2015; Johnson et al., 2015). ɺʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʩʣʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(Ankley et al., 1993; Henriksson et al., 2013). ʆʙʱʝʧʨʠʥʷʪʳʤ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʧʦʜʭʦʜʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʄɻʂ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʍɼɼ/ʌ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʧʨʦʬʠʣʷ ʢ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (Evers et al., 1993; Wenning et al., 1993; Jiménez et al., 1996; 

Juttner et al., 1997; Sundqvist et al., 2009; Hsu, Chen, Liao, 2010; Megson, Dack, 2011). ʆʜʥʘʢʦ 

ʧʦʜʦʙʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʝʣʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ çʟʘʢʨʳʪʳʤè (ʦʩʦʙʝʥʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʛʜʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʚʢʣʘʜʘ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʢʣʘʜ ʦʩʪʘʣʴʥʳʭ ʫʤʝʥʴʰʘʝʪʩʷ), ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʤʝʞʜʫ ʢʦʨʨʝʣʷʮʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ çʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʦʪʥʦʰʝʥʠʝʤè (log-ratio) (Aitchison, 1986; Bonn, 1998; Ross et 

al., 2004; Mudge, Duce, 2005; Liu et al., 2010; Yunker et al., 2011; Greenacre, 2018). ʅʝʜʦʩʪʘʪʢʦʤ 

ʧʦʜʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ɻʂ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʛʨʫʟʦʢ (Greenacre, 2018). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝ ʜʣʷ ʚʩʝʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʪʘʢʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʘ (Mudge, Duce, 2005). ʏʘʩʪʠʯʥʦ ʩʥʠʟʠʪʴ ʚʣʠ̫ʥʠʝ 

çʟʘʢʨʳʪʦʩʪʠè ʜʘʥʥʳʭ ʪʘʢʞʝ ʤʦʞʥʦ, ʠʩʢʣʶʯʠʚ ʠʟ ʦʙʱʝʡ ʩʫʤʤʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʆʍɼɼ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) (Kjeller, 2000), ʧʨʠ ʵʪʦʤ, ʦʜʥʘʢʦ, ʪʝʨʷʝʪʩʷ 

ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ.  
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ɺʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʠʤʝʁʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʨʝʮʝʧʪʦʨʥʳʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʭ 

ʩʦʩʪʘʚʘ (ʧʨʦʬʠʣʷ ʢʦʥʛʝʥʝʨʦʚ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʦʪʜʝʣʴʥʦʤ ʦʙʨʘʟʮʝ 

(Johnson et al., 2015). ʈʝʮʝʧʪʦʨʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʥʘ 

ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ, ʥʘʟʳʚʘʝʤʦʡ ʨʝʮʝʧʪʦʨʥʦʡ ʪʦʯʢʦʡ, ʠ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʜʫʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʚ 

ʵʪʠʭ ʪʦʯʢʘʭ (ɺʆɿ, 2001). ʂ ʨʝʮʝʧʪʦʨʥʳʤ ʤʦʜʝʣʷʤ ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ PVA 

(Polytopic Vector Analysis) (Ehrlich et al., 1994; Bright et al., 1999) ʠ ʇʄʌ (ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

ʤʘʪʨʠʯʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ, PMF - Positive Matrix Factorisation) (Uchimiya, Arai, Masunaga, 2007; 

Tian et al., 2008; Sundqvist et al., 2010; Tuan et al., 2017; Assefa et al., 2019; Sun et al., 2020). 

1.3. ɹʠʦʠʥʜʠʢʘʮʠʠ ʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʜʠʦʢʩʠʥʘʤʠ 

1.3.1. ʊʝʨʤʠʥʦʣʦʛʠ ̫

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ, ʙʠʦʠʥʜʠʢʘʮʠʷ ï ʵʪʦ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʦʩʪʦʷʥʠʶ ʝʝ ʙʠʦʪʳ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚ ʠ 

ʦ ʜʨʫʛʠʭ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʷʭ ʘʥʘʣʠʟ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʦʩʭʦʜʠʪ ʢ ʘʥʪʠʯʥʦʩʪʠ (ʊʫʨʦʚʮʝʚ, ʂʨʘʩʥʦʚ, 2005; ʆʧʝʢʫʥʦʚʘ, 

2016). ʉ ʨʘʟʚʠʪʠʝʤ ʞʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʥʦ ʪʘʢʞʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʊʘʢ, ʝɦ ʝ ʚ 1859 ʛʦʜʫ ʃ. ʍ. ɻʨʠʥʜʦʥ (Grindon, 

1859) ʦʧʠʩʳʚʘʣ ʣʠʰʘʡʥʠʢʠ ʢʘʢ çʣʶʙʠʪʝʣʝʡ ʯʠʩʪʦʡ ʘʪʤʦʩʬʝʨʳè ʠ ʦʪʤʝʯʘʣ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚ 

ʄʘʥʯʝʩʪʝʨʝ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʘʭ ʚ ʩʚʷʟʠ ʩ ʚʳʙʨʦʩʘʤʠ ʤʝʩʪʥʳʭ ʟʘʚʦʜʦʚ ʠ ʚʳʨʫʙʢʦʡ ʣʝʩʦʚ. ɸ 

ʚ 1866 ʛʦʜʫ, ɺ. ʅʠʣʘʥʜʝʨ (Nylander, 1866) ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʛʦʨʦʜʘʭ ʚʠʜʦʚʦʡ 

ʩʦʩʪʘʚ ʣʠʰʘʡʥʠʢʦʚ ʢʨʘʡʥʝ ʦʙʝʜʥʝʥ ʠ ʪʘʢʞʝ ʩʚʷʟʘʣ ʵʪʦ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ. ʆʥ ʧʨʝʜʣʦʞʠʣ 

ʩʯʠʪʘʪʴ ʣʠʰʘʡʥʠʢʠ ʩʚʦʝʛʦ ʨʦʜʘ ʛʠʛʠʦʤʝʪʨʘʤʠ (ʬʨ. hygiomètres), ʦʪʨʘʞʘʶʱʠʤʠ ʢʘʯʝʩʪʚʦ 

ʚʦʟʜʫʭʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ ʠ ʦʙʟʦʨʘʭ ʧʦ ʠʩʪʦʨʠʠ ʙʠʦʠʥʜʠʢʘʮʠʠ (Markert, 

Breure, Zechmeister, 2003; ʆʧʝʢʫʥʦʚʘ, 2016) ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅʠʣʘʥʜʝʨʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʃʶʢʩʝʤʙʫʨʛʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʝʨʚʦʠʩʪʦʯʥʠʢʝ (Nylander, 1866) ʨʝʯʴ ʠʜʝʪ ʦ 

ʃʶʢʩʝʤʙʫʨʛʩʢʦʤ ʩʘʜʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʘʜʘʤʠ ʇʘʨʠʞʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʚʳʚʦʜʳ ʅʠʣʘʥʜʝʨʘ 
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ʦ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʣʠʰʘʡʥʠʢʦʚ ʠʣʠ ʠʭ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʠʟ ʵʢʦʩʠʩʪʝʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ, ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʇʦʤʠʤʦ ʣʠʰʘʡʥʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʦʙʱʝʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʊʘʢ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠʟʥʘʢʦʤ 

ʷʚʣʷʝʪʩʷ ʭʣʦʨʦʟ ʠ ʥʝʢʨʦʟ ʣʠʩʪʚʳ ʠ ʭʚʦʠ (ʐʫʙʝʨʪ, 1988; ɻʦʥʯʘʨʦʚʘ, 2011; ʆʧʝʢʫʥʦʚʘ, 2016). 

ʉ ʤʦʤʝʥʪʘ ʧʝʨʚʳʭ ʨʘʙʦʪ ɻʨʠʥʜʦʥʘ ʠ ʅʠʣʘʥʜʝʨʘ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ, ʨʘʩʪʝʥʠʡ ʠ 

ʞʠʚʦʪʥʳʭ ʦʪʨʘʞʘʪʴ ʘʙʠʦʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʚ ʩʚʦʠʭ 

ʦʙʟʦʨʘʭ ɹ. ʄʘʨʢʝʨʪ ʠ ʜʨ. (Markert, Oehlmann, Roth, 1997; Markert, Breure, Zechmeister, 2003), 

ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʚ ʧʨʠʤʝʥʷʝʤʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ. ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʦʚ çʙʠʦʠʥʜʠʢʘʮʠʷè, çʙʠʦʤʦʥʠʪʦʨʠʥʛè ʠ 

çʙʠʦʠʥʜʠʢʘʪʦʨè ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩ ̫ʢʘʢ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʠ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ (ʤʠʢʨʦʙʠʦʣʦʛʠʷ, 

ʤʠʢʦʣʦʛʠʷ, ʙʦʪʘʥʠʢʘ, ʟʦʦʣʦʛʠʷ, ʬʠʟʠʦʣʦʛʠʷ, ʤʦʨʬʦʣʦʛʠʷ, ʪʦʢʩʠʢʦʣʦʛʠʷ, ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʷ). 

ʉʦʛʣʘʩʥʦ ɹʦʣʴʰʦʤʫ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʦʤʫ ʩʣʦʚʘʨʶ ʧʦ ʙʠʦʣʦʛʠʠ (ɻʠʣʷʨʦʚ, 1998), 

ʙʠʦʠʥʜʠʢʘʪʦʨʳ ï ʦʨʛʘʥʠʟʤʳ, ʧʨʠʩʫʪʩʪʚʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʳʭ 

ʩʣʫʞʘʪ ʧʦʢʘʟʘʪʝʣʷʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʣʦʚʠʡ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ. ʈʷʜʦʤ ʘʚʪʦʨʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʷʪʴ ʧʦʥʷʪʠʷ ʙʠʦʠʥʜʠʢʘʪʦʨ rʠ ʙʠʦʤʦʥʠʪʦʨ r

(biomonitors) (Markert, Oehlmann, Roth, 1997; Markert, Breure, Zechmeister, 2003). 

ɹʠʦʠʥʜʠʢʘʪʦʨʳ ï ʦʨʛʘʥʠʟʤʳ ʠʣʠ ʩʦʦʙʱʝʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʝʱʝʩʪʚ ʠ/ʠʣʠ ʯʴʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʣʠ ʢʣʝʪʦʯʥʦʝ ʩʪʨʦʝʥʠʝ, 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʝʜʝʥʠʝ ʠʣʠ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʠ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʯʝʩʪʚʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʧʨʠʨʦʜʝ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɹʠʦʤʦʥʠʪʦʨʳ ï ʦʨʛʘʥʠʟʤʳ ʠʣʠ ʩʦʦʙʱʝʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ, 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʝʱʝʩʪʚ ʠ/ʠʣʠ ʯʴʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ, 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʣʠ ʢʣʝʪʦʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʝʜʝʥʠʝ ʠʣʠ ʩʪʨʫʢʪʫʨʘ 

ʧʦʧʫʣʷʮʠʠ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʘʩʧʝʢʪʘʭ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʧʨʠʨʦʜʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. ʈʘʟʣʠʯʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʠʧʫ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʦʠʥʜʠʢʘʪʦʨʳ 

ʜʘʶʪ ʢʘʯʝʩʪʚʝʥʥʫʶ, ʘ ʙʠʦʤʦʥʠʪʦʨʳ ï ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʜʥʘʢʦ, ʌʘʨʘʛʦ (Farago, 

1994) ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʝʜʣʦʞʠʣʘ ʥʝ ʨʘʟʜʝʣʷʪʴ ʵʪʠ ʜʚʘ ʪʝʨʤʠʥʘ, ʘ çʧʨʦʚʦʜʠʪʴ ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚè, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʤʦʥʠʪʦʨʠʥʛ» ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʘ, ʘ ʪʝʨʤʠʥ çʠʥʜʠʢʘʪʦʨ» ï ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ. ɸʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʘ ʵʪʠ ʪʝʨʤʠʥʘ, ʧʨʠ ʵʪʦʤ ʚ 
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ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʚʥʦʟʥʘʯʥʳʤʠ. ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥ 

çʙʠʦʤʦʥʠʪʦʨè ʦʪʜʝʣʴʥʦ ʥʝ ʚʳʜʝʣʷʝʪʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʪʝʨʤʠʥ çʙʠʦʠʥʜʠʢʘʪʦʨè. ʇʨʠ ʵʪʦʤ ʧʦʜ 

ʙʠʦʠʥʜʠʢʘʪʦʨʘʤʠ ʙʫʜʫʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʦʨʛʘʥʠʟʤʳ ʠʣʠ ʩʦʦʙʱʝʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʝʱʝʩʪʚ ʠ/ʠʣʠ ʯʴʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʝ 

ʠʣʠ ʢʣʝʪʦʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʝʜʝʥʠʝ ʠʣʠ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʠ, 

ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ/ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʧʨʠʨʦʜʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʢʮʠʠ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʘʢʪʦʨ ʚʳʜʝʣʷʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʙʠʦʠʥʜʠʢʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʨʝʘʢʮʠʷ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʬʘʢʪʦʨʘ. ʆʜʥʘʢʦ ʯʘʩʪʦ ʫ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʦʜʥʘ ʠ ʪʘ ʞʝ ʨʝʘʢʮʠʷ ʚʳʟʳʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʝʤ. ʕʪʦʪ ʬʘʢʪ ʟʘʪʨʫʜʥʷʝʪ ʚʳʷʚʣʝʥʠʝ ʠʩʪʠʥʥʳʭ ʧʨʠʯʠʥ ʧʨʦʷʚʣʝʥʠʷ 

ʨʝʘʢʮʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ (ɹʠʦʠʥʜʠʢʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ 

ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ, 1988; ɻʦʥʯʘʨʦʚʘ, 2011; ʆʧʝʢʫʥʦʚʘ, 2016). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ 

ʥʘʨʫʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʠ ʦʮʝʥʢʘ ʥʘʢʦʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʦʚʳʭ 

ʫʨʦʚʥʝʡ (ʆʧʝʢʫʥʦʚʘ, 2016).  

ɹʠʦʠʥʜʠʢʘʮʠʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʷʤʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʐʫʙʝʨʪʘ 

(ɹʠʦʠʥʜʠʢʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ, 1988) ʚʳʜʝʣʷʝʪʩʷ 6 ʪʘʢʠʭ ʫʨʦʚʥʝʡ:  

1. ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ;  

2. ʘʥʘʪʦʤʠʯʝʩʢʠʝ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʨʠʪʤʠʯʝʩʢʠʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ; 

3. ʬʣʦʨʠʩʪʠʯʝʩʢʠʝ, ʬʘʫʥʠʩʪʠʯʝʩʢʠʝ ʠ ʭʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ;  

4. ʮʝʥʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ;  

5. ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ;  

6. ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ. 

ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʥʠʤʘʥʠʝ ʟʘʯʘʩʪʫʶ ʫʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʵʪʠʤ ʫʨʦʚʥʷʤ 

ʙʠʦʠʥʜʠʢʘʮʠʠ (ɻʦʥʯʘʨʦʚʘ, 2011; ɹʠʦʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 2014), ʪʦʛʜʘ 

ʢʘʢ ʄʘʨʢʝʨʪʦʤ ʠ ʜʨ. (Markert, Breure, Zechmeister, 2003) ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʈʦʣʴ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʙʠʦʠʥʜʠʢʘʮʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʧʦ ʙʠʦʠʥʜʠʢʘʮʠʠ 

ʟʘʛʨʷʟʥʝʥʠʡ ʄ.ɻ. ʆʧʝʢʫʥʦʚʦʡ (ʆʧʝʢʫʥʦʚʘ, 2016), ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʷʤʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʙʠʦʠʥʜʠʢʘʮʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʙʠʦʪʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʚ 
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ʨʫʩʩʢʦʷʟʳʯʥʦʡ, ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʥʷʪʠʷ çʘʢʢʫʤʫʣʷʪʠʚʥʘʷ 

ʙʠʦʠʥʜʠʢʘʮʠʷè ʠ çʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʙʠʦʠʥʜʠʢʘʪʦʨʳè (Tataruch, Kierdorf, 2003; Weiss, 

Offenthaler, Wimmer, 2003; Mclean et al., 2009; ʑʝʛʣʦʚ, ʎʚʝʪʥʦʚʘ, ʉʪʦʣʙʦʚʘ, 2013; ʎʚʝʪʥʦʚʘ, 

ʑʝʛʣʦʚ, ʉʪʦʣʙʦʚʘ, 2014; ʉʫʶʥʦʚʘ, ɿʘʙʦʣʦʪʥʳʭ, 2016; Hu et al., 2019; ʊʨʠʬʦʥʦʚʘ, ʉʘʣʤʠʥ, 

2019). ɼʣʷ ʩʣʝʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ, ɻʍ/ʄʉɺʈ. ɼʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʙʠʦʠʥʜʠʢʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʪʝʨʤʠʥ çʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ 

ʙʠʦʠʥʜʠʢʘʮʠʷè.  

ʊʝʨʤʠʥ çʙʠʦʤʦʥʠʪʦʨʠʥʛè ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʥʝʦʜʥʦʟʥʘʯʥʦ ʠ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʥʘʫʯʥʦʡ ʦʙʣʘʩʪʠ. ɺ ɹʦʣʴʰʦʤ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝ ʧʦ ʙʠʦʣʦʛʠʠ 

(ɻʠʣʷʨʦʚ, 1998) ʤʦʥʠʪʦʨʠʥʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ, ʦʮʝʥʢʠ ʠ 

ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ ʠʣʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɸ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦʟʤʦʞʝʥ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ (ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʨʘʩʪʝʥʠʷʤʠ ʠ ʞʠʚʦʪʥʳʤʠ) ʠ ʩʪʨʫʢʪʫʨʥʳʤ (ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʩʦʩʪʘʚ ʚʠʜʦʚ, ʦʙʱʘʷ 

ʙʠʦʤʘʩʩʘ ʠ ʜʨ.) ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ. ɺ ʦʙʟʦʨʝ ʄʘʨʢʝʨʪʘ ʠ ʜʨ. (Markert, Breure, 

Zechmeister, 2003) ʧʨʠʚʦʜʠʪʩʷ ʨʷʜ ʦʧʨʝʜʝʣʝʥʠʡ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʶʱʝʝ: 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ï ʵʪʦ ʨʝʛʫʣʷʨʥʦʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʪʦʢʩʠʢʦʣʦʛʠʠ ʠ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʥʷʪʠʝ çʙʠʦʤʦʥʠʪʦʨʠʥʛʘè ʦʪʣʠʯʘʝʪʩʷ, ʪʨʘʜʠʮʠʦʥʥʦ ʘʢʮʝʥʪ ʩʪʦʠʪ ʥʝ ʥʘ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʥʘ ʩʘʤʠʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʦʮʝʥʢʝ ʠʭ ʵʢʩʧʦʟʠʮʠʠ ʠ ʨʠʩʢʘ ʟʜʦʨʦʚʴʶ (Hoet, 

Haufroid, 1997; Ladeira, Viegas, 2016). Cʦʛʣʘʩʥʦ ʗʩʧʝʨʩʫ ʠ ʜʨ. (Jaspers, Megson, OôSullivan, 

2014), ʙʠʦʤʦʥʠʪʦʨʠʥʛ ï ʵʪʦ ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʙʠʦʪʝ ʩ 

ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʬʘʢʪʘ ʠ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤʳ. ɸ ʚ ʩʣʦʚʘʨʝ ʢʣʶʯʝʚʳʭ 

ʪʝʨʤʠʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʦʢʩʠʢʦʣʦʛʠʠ ʀʖʇɸʂ (Nordberg, Duffus, Templeton, 2007), 

ʧʨʠʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ ʙʠʦʤʦʥʠʪʦʨʠʥʛ. ɹʠʦʤʦʥʠʪʦʨʠʥʛ ï ʵʪʦ 

ʥʝʧʨʝʨʳʚʥʦʝ ʠʣʠ ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʠʟʤʝʨʝʥʠʝ ʣʶʙʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʚʢʣʶʯʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʣʠ ʠʭ ʤʝʪʘʙʦʣʠʪʳ, ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ 

ʪʢʘʥʷʭ, ʚʳʜʝʣʝʥʠʷʭ, ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ, ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʠʣʠ 

ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʮʝʥʢʠ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ.  ɺ ʣʠʪʝʨʘʪʫʨʝ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ 

ʙʠʦʤʦʥʠʪʦʨʠʥʛʫ ʯʝʣʦʚʝʢʘ) ʚʚʝʜʝʥʦ ʪʘʢʞʝ ʦʙʱʝʧʨʠʥʷʪʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʙʠʦʤʦʥʠʪʦʨʠʥʛ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʵʢʩʧʦʟʠʮʠʠ), ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʵʬʬʝʢʪʘ, ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʠʦʤʘʨʢʝʨʳ ʚʦʟʜʝʡʩʪʚʠʷ (ʵʢʩʧʦʟʠʮʠʠ), ʙʠʦʤʘʨʢʝʨʳ ʵʬʬʝʢʪʘ ʠ ʙʠʦʤʘʨʢʝʨʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (Ladeira, Viegas, 2016; ʐʠʣʦʚ, ʄʘʨʢʦʚʘ, ʂʫʟʥʝʮʦʚ, 2019). ʂ ʙʠʦʤʘʨʢʝʨʘʤ 

ʵʢʩʧʦʟʠʮʠʠ ʦʪʥʦʩʷʪʩʷ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ-ʪʦʢʩʠʢʘʥʪʳ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ 
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ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʦʨʛʘʥʠʟʤʘ; ʢ ʙʠʦʤʘʨʢʝʨʘʤ ʵʬʬʝʢʪʘ ï ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳ, ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ; ʢ ʙʠʦʤʘʨʢʝʨʘʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ï ʧʦʢʘʟʘʪʝʣʠ ʚʨʦʞʜʸʥʥʦʡ ʠʣʠ ʧʨʠʦʙʨʝʪʸʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ 

ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʯʫʞʝʨʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ (Ladeira, Viegas, 2016; ʐʠʣʦʚ, 

ʄʘʨʢʦʚʘ, ʂʫʟʥʝʮʦʚ, 2019). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʫʜʠʪʴ ʦ 

ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʠ ʜʘʝʪ ʧʨʷʤʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʥʫʪʨʝʥʥʝʡ ʵʢʩʧʦʟʠʮʠʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʨʠʩʢʘ, ʷʚʣʷʷʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʨʝʣʝʚʘʥʪʥʳʤ, ʯʝʤ ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʚʦʜʘ, 

ʚʦʟʜʫʭ ʠ ʧʦʯʚʘ (Jaspers, Megson, OôSullivan, 2014). 

ɺ ʩʣʫʯʘʝ ʜʠʦʢʩʠʥʦʚ ʙʠʦʠʥʜʠʢʘʮʠʷ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ 

ʦʩʪʨʳʭ ʦʪʨʘʚʣʝʥʠʷʭ. ʊʘʢ, ʢʣʠʥʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʦʩʪʨʦʛʦ ʦʪʨʘʚʣʝʥʠʷ ʜʠʦʢʩʠʥʘʤʠ ʯʝʣʦʚʝʢʘ 

ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʭʣʦʨʘʢʥʝ (Schecter et al., 2006). ʋ ʞʠʚʦʪʥʳʭ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʮʝʣʳʡ ʨʷʜ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ. ʆʜʥʘʢʦ, ʦʩʦʙʝʥʥʦʩʪʴ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʵʧʠʟʦʜʦʚ ʦʩʪʨʳʭ ʦʪʨʘʚʣʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʭʨʦʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʯʝʥʴ ʥʠʟʢʠʭ (ppt, ppq) ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʨʷʜʫ ʩ 

ʜʠʦʢʩʠʥʘʤʠ ʦʨʛʘʥʠʟʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ ʪʦʢʩʠʢʘʥʪʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʚʳʜʝʣʠʪʴ ʚʢʣʘʜ ʜʠʦʢʩʠʥʦʚ ʚ 

ʨʝʘʢʮʠʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ (ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʙʠʦʠʥʜʠʢʘʮʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʥʘʣʠʟʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʪʦʡʢʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ ʇʍɼɼ/ʌ, ʟʘʯʘʩʪʫʶ 

ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʪʘʢʞʝ 

ʦʪʚʝʪʠʪʴ ʥʘ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʠ ʧʫʪʷʭ ʧʦʧʘʜʘʥʠʷ ʚ ʥʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

(ʄʘʡʩʪʨʝʥʢʦ, ʂʣʶʝʚ, 2012). ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʦʬʠʣʷ ï ʩʦʦʪʥʦʰʝʥʠ ̫

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. 

1.3.2. ʆʙʲʝʢʪʳ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʱʠʭ ʩʪʝʧʝʥʴ ʠ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

ʵʪʦʤ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ ʦʨʛʘʥʠʟʤʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ, ʪʘʢ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʥʠʤ ʢʘʢ ʢ ʦʙʲʝʢʪʫ ʘʥʘʣʠʟʘ.  
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ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʙ r ʯʝʣʦʚʝʢʘ (ʞʠʨʦʚʳʭ ʪʢʘʥʝʡ, ʢʨʦʚʠ, ʤʦʣʦʢʘ ʢʦʨʤʷʱʠʭ 

ʤʘʪʝʨʝʡ ʠ ʪ.ʜ.) (ʌʝʜʦʨʦʚ., 1993; LaKind, 2007), ʦʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʧʫʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʜʠʦʢʩʠʥʦʚ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ï ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ (Keke, Bunce, 1999; Van Overmeire et al., 

2006; LaKind, 2007), ʪʦ ʵʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʦʩʥʦʚʥʦʤ ʪʦʣʴʢʦ ʜʣʷ ʟʘʜʘʯ ʦʮʝʥʢʠ ʨʠʩʢʘ ʜʣʷ 

ʟʜʦʨʦʚʴʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʠʝʪʘ ʯʝʣʦʚʝʢʘ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʥʝ 

ʦʪʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʝʛʦ ʤʝʩʪʦʦʙʠʪʘʥʠʷ. ʆʜʥʘʢʦ ʝʩʪʴ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʰʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʣʦʩ ʯʝʣʦʚʝʢʘ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʚʦʟʜʫʭʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʙʦʯʠʭ ʄʉɿ ʠ ʟʘʚʦʜʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʪʭʦʜʦʚ (Kocan, Bencko, Sixl, 1992; Schramm et al., 1992, 1993; Luksemburg et al., 

2002; Nakao et al., 2005; Ma et al., 2011).  

ɽʩʪʴ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʇʍɼɼ/ʌ ʪʘʢʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʢʘʢ ʤʭʠ (Carballeira et al., 2006; 

Dreyer, Nickel, Schröder, 2018), ʣʠʰʘʡʥʠʢʠ (Augusto et al., 2007, 2015; Augusto, Catarino, 

Branquinho, 2007; Augusto, Máguas, Branquinho, 2013), ʭʚʦʷ (Weiss et al., 1997; Miyata et al., 

2000; Weiss, Lorbeer, Scharf, 2000; Ok et al., 2002; Hanari et al., 2004; Komichi et al., 2004; Chen et 

al., 2006; Bochentin et al., 2007) ʠ ʜʨʝʚʝʩʥʘʷ ʢʦʨʘ (Guéguen, Stille, Millet, 2011; Hermanson and 

Johnson, 2015; Birke, Rauch, Hofmann, 2018). ʆʥʠ ʩʣʫʞʘʪ ʩʚʦʝʛʦ ʨʦʜʘ ʧʘʩʩʠʚʥʳʤʠ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʘʤʠ ʠ ʦʪʨʘʞʘʶʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʦʬʠʣʷ 

ʇʍɼɼ/ʌ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ, ʘ ʥʝ ʟʘ ʩʯʝʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʙʠʦʥʘʢʦʧʣʝʥʠʷ. ʆʜʥʘʢʦ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʛʝʥʝʨʦʚ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ ʠʣʠ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʝʣʦʚʦʡ ʭʚʦʝ ʚ ʇʦʣʴʰʝ (Bochentin et al., 2007) ʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʭʦʚ ʚ 

ɻʝʨʤʘʥʠʠ (Dreyer, Nickel, Schröder, 2018), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʪʦʣʴʢʦ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʟʥʘʯʠʤʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɹʳʣʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʠʥʜʠʢʘʪʦʨʘ, ʦʜʥʘʢʦ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʇʍɼɼ/ʌ (Cocozza et al., 

2016). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

(ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʣʠʰʘʡʥʠʢʦʚ ʠ ʤʭʦʚ), ʚʠʜʦʚʳʝ ʠ ʜʘʞʝ ʵʢʦʪʠʧʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ, ʵʜʘʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (Kylin , Bouwman, 

2014; Wenning, Martello, 2015; Mei, Chen, Peng, 2016). ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʇʍɼɼ/ʌ, 

ʘʙʩʦʨʙʠʨʦʚʘʥʥʳʝ ʭʚʦʝʡ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʦʪʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠ ̫ ʢʦʥʛʝʥʝʨʦʚ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʘʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟʤʝʥʷʝʪʩʷ ʠʩʭʦʜʥʳʡ ʧʨʦʬʠʣʴ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ (Niu et al., 2003). 

ɼʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʨʳʙʦʷʜʥʳʭ ʧʪʠʮ, ʨʳʙ, 

ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ ʤʦʣʣʶʩʢʦʚ (Fletcher, McKay, 1993; Van Der Oost et al., 1996; Knutzen et al., 

2003). ʇʨʠ ʵʪʦʤ ʚ ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ ʤʦʣʣʶʩʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʬʠʣ ̫ʢʦʥʛʝʥʝʨʦʚ 
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ʠʩʪʦʯʥʠʢʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʨʳʙʘʭ ʠʜʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

(Wu, Schramm, Kettrup, 2001). 

ɼʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʚʠʜʦʚ, 

ʟʘʥʠʤʘʶʱʠʭ ʚʳʩʦʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʪʨʦʬʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʇʍɼɼ/ʌ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʠʜʘʭ, ʟʘʥʠʤʘʶʱʠʭ ʙʦʣʝʝ ʥʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʨʦʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ 

ʧʠʱʝʚʦʡ ʩʝʪʠ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʩʘʤʦ ʧʦ ʩʝʙʝ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʩʥʠʞʝʥʠʶ, ʪʘʢ ʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʦʬʠʣʴʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ 

ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʟʘʪʨʫʜʥʷʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʥʘʙʣʶʜʘʝʤʦʡ ʚʨʝʤʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ (Hebert, Weseloh, 2006; Hebert, Arts, Weseloh, 2006). 

ʇʨʠ ʚʳʙʦʨʝ ʚʠʜʘ-ʠʥʜʠʢʘʪʦʨʘ ʩʪʦʠʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʧʨʦʜʫʢʮʠʝʡ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʚʳʜʝʣʷʶʪ ʜʚʝ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʠ: 

ʨʘʩʭʦʜʦʚʘʥʠʝ ʞʠʨʦʚʳʭ ʟʘʧʘʩʦʚ, ʥʘʢʦʧʣʝʥʥʳʭ ʜʦ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ (capital breeders) ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʢʦʨʤʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʠ ʚʦ 

ʚʨʝʤʷ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ (income breeders) (Jönsson, Jonsson, 1997; Bonnet, Bradshaw, Shine, 

1998; Drent, Daan, 2002). ʕʪʦʪ ʘʩʧʝʢʪ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʠ ʚʳʙʦʨʝ ʤʠʛʨʠʨʫʶʱʠʭ ʚʠʜʦʚ (ʤʥʦʛʠʝ 

ʧʪʠʮʳ, ʤʦʨʩʢʠʝ ʯʝʨʝʧʘʭʠ, ʥʝʢʦʪʦʨʳʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʠ ʨʳʙʳ) (de Solla, 2015). 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ. ʆʜʥʘʢʦ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʝʝ 

ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʠʟʤʝʥʷʝʪʩʷ. ʍʘʨʘʢʪʝʨ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʪʘʢʠʤʠ ʢʘʢ ʜʘʚʣʝʥʠʝ 

ʧʘʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʢʪʘʥʦʣ-ʚʦʜʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. 

ɸʙʠʦʪʠʯʝʩʢʘʷ ʠ ʙʠʦʪʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʥʘʨʷʜʫ ʩ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʞʠʚʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ (Swerev, Ballschmiter, 1989). ɽʱʝ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʩʭʦʜʥʳʡ ʧʨʦʬʠʣʴ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʪʢʘʥʷʭ ʞʠʚʦʪʥʳʭ, ʧʦʜʚʝʨʛʘʷʩʴ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʧʨʦʮʝʩʩʘʤ ʚʳʚʝʜʝʥʠʷ (Jaspers, Megson, 

OôSullivan, 2014). ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʫʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʚʳʚʝʜʝʥʠʷ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ 

ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʊʘʢ, ʩʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʇʍɼɼ/ʌ ʫ ʢʨʳʩ, ʤʳʰʝʡ ʠ ʭʦʤʷʢʦʚ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ, 

ʘ ʫ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ ï ʥʠʟʢʘʷ (Van den Berg et al., 1994), ʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʂʣʠʤʘʥ ʠ ʜʨ. 

(Kleeman, Olson, Peterson, 1988) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʥʳʝ ʤʝʪʘʙʦʣʠʪʳ 2,3,7,8-ʊʍɼɼ ʫ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʨʳʙ. ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʇʍɼɼ/ʌ ʫ ʜʦʤʘʰʥʠʭ ʫʪʦʢ ʥʠʞʝ, ʯʝʤ 

ʫ ʜʦʤʘʰʥʠʭ ʢʫʨ (Wu et al., 2014). ʉʪʝʧʝʥʴ ʧʝʨʝʥʦʩʘ ʚ ʷʡʮʘ ʪʘʢʞʝ ʚʠʜʦʩʧʝʮʠʬʠʯʥʘ (Nosek et al., 

1992). ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʚʳʚʝʜʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʇʍɹ, ʇɹɼʕ, ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʧʝʩʪʠʮʠʜʦʚ) ʫ ʩʦʙʘʢ (Sipes 

et al., 1982), ʣʠʩ (Voorspoels et al., 2006) ʠ ʤʝʜʚʝʜʝʡ ʛʨʠʟʣʠ (Christensen et al., 2005). 
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ʇʦʤʠʤʦ ʚʳʙʦʨʘ ʩʘʤʦʛʦ ʚʠʜʘ-ʠʥʜʠʢʘʪʦʨʘ, ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʠ ʚʳʙʦʨ ʙʠʦʤʘʪʝʨʠʘʣʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʫ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʦʬʠʣʴʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʠ ʇʍɼɼ/ʌ, ʚ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʠ ʚ ʢʨʦʚʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʣʠʧʠʜʦʚ 

(Haddad, Poulin, Krishnan, 2000), ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʨʦʚʝʥʴ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʦʪʨʘʞʘʝʪ 

ʫʨʦʚʝʥʴ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. ʆʜʥʘʢʦ ʚ ʧʝʨʠʦʜʳ ʨʦʩʪʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ 

ʥʘʨʫʰʘʪʴʩʷ (de Solla, 2015). ɹʦʣʝʝ ʪʦʛʦ, ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʣʠʧʠʜʦʚ, ʪʘʢʠʝ ʢʘʢ ʬʦʩʬʦʣʠʧʠʜʳ, 

ʪʨʠʛʣʠʮʝʨʠʜʳ, ʛʣʠʢʦʣʠʧʠʜʳ ʠ ʩʚʦʙʦʜʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʣʠʧʦʬʠʣʴʥʳʝ 

ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ. ʃʠʧʠʜʥʘʷ ʬʨʘʢʮʠʷ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʙʦʣʝʝ 

ʧʦʣʷʨʥʳʭ ʣʠʧʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʢʦʞʥʳʤ ʞʠʨʦʤ ʠ ʜʨʫʛʠʤʠ ʦʨʛʘʥʘʤʠ (Henderson, 

Kalogeropoulos, Alexis, 1994), ʘ ʩʦʜʝʨʞʘʥʠʝ ʥʝʧʦʣʷʨʥʳʭ ʣʠʧʠʜʦʚ ʦʯʝʥʴ ʥʠʟʢʦʝ. ʋʯʠʪʳʚʘʷ 

ʨʘʟʣʠʯʠʷ ʚ ʣʠʧʠʜʥʦʤ ʩʦʩʪʘʚʝ, ʚʳʨʘʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʥʦʚ ʚ ʢʨʦʚʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʵʢʩʪʨʘʛʠʨʫʝʤʳʡ ʛʝʢʩʘʥʦʤ ʞʠʨ (ʥʝʧʦʣʷʨʥʳʝ ʣʠʧʠʜʳ) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʝʦʮʝʥʢʝ ʥʘʛʨʫʟʢʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʜʨʫʛʠʭ ʪʢʘʥʷʭ (Debier et al., 2003). 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʜʦʙʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʟ ʵʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢʠʝ 

ʥʝʠʥʚʘʟʠʚʥʳʝ ʧʦʜʭʦʜʳ, ʢʘʢ ʘʥʘʣʠʟ ʷʠʮ, ʧʝʨʴʝʚ, ʰʝʨʩʪʠ (Schramm, 1997; Jaspers, Megson, 

OôSullivan, 2014; Esp²n et al., 2016). 

ɺ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʨʛʘʥʦʛʘʣʦʛʝʥʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʷʡʮʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʩʢʚʦʨʮʘ (Sturnus vulgaris). ɺʳʙʦʨ ʵʪʦʛʦ ʚʠʜʘ ʦʙʦʩʥʦʚʘʥ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʰʠʨʦʢʠʤ 

ʘʨʝʘʣʦʤ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʨʘʮʠʦʥʝ ʧʦʯʚʝʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʣʷ ʦʪʙʦʨʘ, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʠʮ ʦʥ 

ʥʘʢʘʧʣʠʚʘʝʪ ʚ ʨʘʡʦʥʝ ʢʣʘʜʢʠ (income breeders), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (Eens et al., 2013). 

ɺ ʮʝʣʦʤ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʡʮʘ ʯʘʝʢ. ʏʘʡʢʠ, 

ʢʘʢ ʠ ʩʢʚʦʨʮʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʘ ʢʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ (ʜʦ 30 ʣʝʪ) ʠ ʛʥʝʟʜʦʚʘʥʠʝʤ ʠʟ ʛʦʜʘ ʚ ʛʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʜʥʠʭ ʠ 

ʪʝʭ ʞʝ ʤʝʩʪʘʭ (Hebert et al., 1994; Morales et al., 2016). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʯʘʝʢ ʚ ʉʐɸ, ʅʦʨʚʝʛʠʠ, ʗʧʦʥʠʠ, ʂʦʨʝʝ, ʀʩʧʘʥʠʠ(Hebert et al., 

1994; Choi et al., 1998, 2001; Pusch et al., 2005; Morales et al., 2012, 2016; Muusse et al., 2014). 

ɽʩʪʴ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʤʦʥʠʪʦʨʠʥʛʝ ʠ̫ʮ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʪʠʮ: ʥʝʢʦʪʦʨʳʭ 

ʚʦʨʦʙʴʠʥʦʦʙʨʘʟʥʳʭ (Fredricks et al., 2010; van Oosten et al., 2019), ʙʘʢʣʘʥʦʚ (Harris et al., 2003), 

ʮʘʧʝʣʴ (Elliott et al., 2001; Sanpera et al., 2003), ʛʣʫʧʳʰʝʡ ʠ ʢʘʡʨ (Braune, Mallory, 2017), ʜʠʢʠʭ 

ʫʪʦʢ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʚʠʜʦʚ (Fang et al., 2007; Augspurger et al., 2008). 
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ʀʟ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʜʠʦʢʩʠʥʘʤʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪ ɹʷʡʮʘ ʜʦʤʘʰʥʝʡ ʧʪʠʮʳ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʷʡʮʘ 

ʢʫʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ: ʵʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ ʜʦʤʘʰʥʝʡ ʧʪʠʮʳ; 

ʦʪʙʦʨ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʷʠʮ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ; ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʣʠʧʠʜʦʚ ʦʙʣʝʛʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʣʠʧʦʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ; ʢʫʨr ʫʧʦʪʨʝʙʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ 

ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (Chang et al., 1989; Stephens et al., 1990; Furst.P., Furst, Wilmers, 1993). 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʴʶ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (The International 

POPs Elimination Network (IPEN)) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʜʠʦʢʩʠʥʦʚ, ʇʍɹ ʠ ʜʨʫʛʠʭ ʉʆɿ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ ʚ 17 ʩʪʨʘʥʘʭ (DiGangi, Petrlík, 2005). 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠ ʥʘ ʜʨʫʛʠʝ ʩʪʨʘʥʳ (Petrlik, 2015, 2017; 

Petrlik et al., 2016, 2018, 2019).  

ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ, ʧʦʪʨʝʙʣʝʥʠʝ ʧʦʯʚʳ ʢʫʨʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2% ʜʦ 10 % ʦʪ ʦʙʱʝʛʦ 

ʨʘʮʠʦʥʘ ʠʣʠ ʦʪ 2 ʜʦ 30 ʛ ʚ ʜʝʥʴ (McKone, 1994; Lovett et al., 1998; Waegeneers et al., 2009). ɺ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʝʩ ʠ ʥʘ ʚʝʩ ʧʨʦʜʫʢʮʠʠ (ʷʡʮʘ) ʧʦʪʨʝʙʣʝʥʠʝ ʧʦʯʚʳ ʢʫʨʘʤʠ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ 

ʫ ʜʨʫʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʥʦʩʷʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʧʦʯʢʠ çʧʦʯʚʘ-ʢʫʨʠʥʳʝ ʷʡʮʘè ʚ ʥʦʨʤʠʨʦʚʘʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ (Weber et al., 2018, 2019). ɼʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ, ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʠ ʧʨʝʚʳʰʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʷʡʮʘʭ ʠʟ ʧʪʠʮʝʬʘʙʨʠʢ (Traag et al., 2002; 

Pussemier et al., 2004; Hsu, Chen, Liao, 2010). ʆʜʥʘʢʦ, ʚ ʤʘʩʰʪʘʙʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ 

ʬʝʨʤʝʨʩʢʠʭ ʧʨʘʢʪʠʢ ʥʘ ʫʨʦʚʥʠ ʜʠʦʢʩʠʥʦʚ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ ʚ ʂʘʥʘʜʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɼɼ/ʌ ʚ 

ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʥʝ ʧʨʝʚʳʰʘʣʘ ʟʥʘʯʠʤʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʷʡʮʘʭ ʢʫʨ ʠʟ 

ʧʪʠʮʝʬʘʙʨʠʢ (Rawn et al., 2012). ɺ ʀʨʣʘʥʜʠʠ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʷʭ ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʥʦʚ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʚ ʷʡʮʘʭ ʠʟ 

ʧʪʠʮʝʬʘʙʨʠʢ, ʧʨʠ ʵʪʦʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣʠ ʥʠʟʢʠʤʠ (Tlustos et al., 2004).  

ʇʦʤʠʤʦ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʵʪʦʪ ʦʙʲʝʢʪ, ʷʚʣʷʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʤʝʨ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʤʝʩʪʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘʩʝʣʝʥʠʷ (Colles et al., 2021).  

ʂ ʬʘʢʪʦʨʘʤ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ 

ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ, ʦʪʥʦʩʷʪʩʷ ʧʦʨʦʜʘ ʢʫʨ, ʨʘʟʤʝʨ ʫʯʘʩʪʢʘ, ʨʘʟʤʝʨ ʩʪʘʜʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʨʤʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʜʨ. (Air et al., 2003). ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʢʫʨʠʮʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʦʤʝʱʝʥʠʠ, ʥʦ ʠʤʝʶʪ ʜʦʩʪʫʧ ʥʘ ʫʣʠʮʫ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
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ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʦʢʩʠʥʦʚ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʦʙʝʡ ʚ ʩʪʘʜʝ. ɺʦʟʤʦʞʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʤʝʨ ʩʪʘʜʘ ʚʣʠʷʝʪ ʥʘ ʩʦʮʠʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʫʨ: ʯʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʦʙʝʡ, ʪʝʤ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʦʥʠ ʦʩʪʘʚʘʪʴʩʷ ʚʥʫʪʨʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ 

ʜʠʦʢʩʠʥʦʚ ʚ ʦʨʛʘʥʠʟʤ ʢʫʨʠʮʳ ʟʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʯʚʳ ʠ ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (Kijlstra, 

Traag, Hoogenboom, 2007). ʈʘʟʤʝʨ ʫʯʘʩʪʢʘ ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ: ʥʘ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʦʙʳʚʘʥʠʷ ʢʦʨʤʘ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʠʤʠ ʫʯʘʩʪʢʘʤʠ ʩʦʢʨʘʱʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ 

ʦʨʛʘʥʠʟʤ ʢʫʨʠʮʳ (Schuler, Schmid, Schlatter, 1997).  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʨʫʛʠʭ ʜʦʤʘʰʥʠʭ ʧʪʠʮ, ʪʦ ʧʨʠʤʝʨʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʪʠʥʳʝ ʷʡʮʘ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳʡ ʧʨʦʬʠʣʴ ʇʍɼɼ/ʌ, 

ʦʪʨʘʞʘʶʱʠʡ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ (Lovett et al., 1998). ʆʜʥʘʢʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ 

ʫʪʠʥʳʭ ʠ ʢʫʨʠʥʳʭ ʷʠʮ ʢʘʢ ʚ ʬʦʥʦʚʳʭ, ʪʘʢ ʠ ʚ ʟʘʛʨʷʟʥʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʥʝ ʧʦʢʘʟʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ (Lovett et al., 1998; Megson, Dack, 2011). 

ɼʣʷ ʦʮʝʥʢʠ ʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʇʍɼɼ/ʌ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʚ ʷʡʮʘʭ ʩʫʱʝʩʪʚʫʝʪ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ. ʆʜʠʥ ʧʦʜʭʦʜ ï ʵʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʪʦʢʩʠʢʦʢʠʥʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (Petreas et al., 1991; Stephens, Petreas, Hayward, 1994, 1995; Hoogenboom et al., 

2006). ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʠʮ ʚ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ï ʠʟʫʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʷʡʮʘ ʢʫʨ ʠʟ ʤʝʣʢʠʭ 

ʭʦʟʷʡʩʪʚ ʷʚʣʷʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʙʠʦʠʥʜʠʢʘʪʦʨʘʤʠ ʚʙʣʠʟʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ (Arkenbout, 2014). ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʣʴʢʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʜʠʦʢʩʠʥʦʧʦʜʦʙʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʥʝ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ. ɿʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʇʍɼɼ/ʌ ʙʳʣʠ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʚ ʭʦʟʷʡʩʪʚʘʭ, ʛʜʝ ʫ ʢʫʨ ʙʳʣ ʜʦʩʪʫʧ ʢ 

ʟʦʣʝ ʄʉɿ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʟʷʡʩʪʚʘʤʠ ʙʝʟ ʟʦʣʳ (Pless-Mulloli et al., 2001). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʕʡʨ ʠ ʜʨ. (Air et al., 2003) ʚ ʜʚʫʭ ʟʘʛʦʥʘʭ ʠʟ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ ʦʪʣʠʯʘʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ (40.5 ʥʛ I-TEQ /ʢʛ ʠ 147.6 ʥʛ I-TEQ /ʢʛ), ʪʦʛʜʘ 

ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʚ ʷʡʮʘʭ ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ (15.7 ʥʛ I-TEQ /ʢʛ ʣʠʧʠʜʦʚ, 18 ʥʛ I-TEQ /ʢʛ 

ʣʠʧʠʜʦʚ). ʅʘ ʜʨʫʛʦʤ ʫʯʘʩʪʢʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʷʡʮʘʭ ʙʳʣʦ 31 ʥʛ I-TEQ /ʢʛ ʣʠʧʠʜʦʚ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʚ ʧʦʯʚʝ 98.7 ʥʛ I-TEQ /ʢʛ. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʷʡʮʘ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʦʪʩʫʪʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʠ ʚ ʧʦʯʚʝ 

ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨʢʘ ʠʟ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʩ ʜʚʫʭ ʫʯʘʩʪʢʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʚʳʚʦʜʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʪʘʢʦʡ ʤʘʣʦʡ ʚʳʙʦʨʢʝ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʫʨʦʚʥʠ ʚ ʷʡʮʘʭ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʷʡʮʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 
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ʪʦʯʥʳʤ ʠ ʠʥʪʝʛʨʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʠʟʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʩʚʷʟʴ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʥʦʚ ʚ ʧʦʯʚʝ ʠ ʚ ̫ʡʮʘʭ 

ʚʩʝ ʞʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ. ʏʘʩʪʠʯʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ ʇʠʨʘʨʜ ʠ ʜʨ. (Pirard et 

al., 2004) ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʩʪʘʨʦʛʦ ʄʉɿ ʚʦ ʌʨʘʥʮʠʠ, ʦʜʥʘʢʦ ʚ ʪʨʝʭ ʠʟ 11 ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʭʦʟʷʡʩʪʚ ʫʨʦʚʥʠ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʦʢʘʟʘʣʠʩʴ ʥʝʦʙʲʷʩʥʠʤʦ ʚʳʩʦʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʯʚʘʤʠ. ʂʦʨʨʝʣʷʮʠʷ (R2=0,54, p<0,001) ʦʙʱʠʭ ʫʨʦʚʥʝʡ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ 

ʠ ʷʡʮʘʭ (ʚ ʵʢʚʠʚʘʣʝʥʪʘʭ ʪʦʢʩʠʯʥʦʩʪʠ) ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʜʠʦʢʩʠʥʘʤʠ 

ʧʦʯʚ ʠ ʢʫʨʠʥʳʭ ʷʠʮ ʠʟ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ʚʙʣʠʟʠ ʙʳʚʰʝʛʦ ʟʘʚʦʜʘ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʨʝʚʝʩʠʥʳ 

ʧʝʥʪʘʭʣʦʨʬʝʥʦʣʦʤ ʚ ʆʨʦʚʠʣʣʝ, ʉʐɸ (Harnly et al., 2000). ʅʘʣʠʯʠʝ ʩʚʷʟʠ ʦʙʱʠʭ ʫʨʦʚʥʝʡ 

ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʠ ʧʦʯʚʝ ʙʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʠ ʜʣʷ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ʚ ɹʝʣʴʛʠʠ, ʦʜʥʘʢʦ ʥʝ 

ʙʳʣʦ ʧʨʠʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ̫ʟʥʘʯʠʤʦʩʪʴ (Van 

Overmeire et al., 2009). ɺ ʵʪʠʭ ʜʚʫʭ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘʣʠʯʠʝ ʩʚʷʟʠ 

ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʠ ʧʦʯʚʝ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʠ ʧʦʯʚʘʭ ʧʨʦʚʝʣʠ ʄʵʛʩʦʥ ʠ ɼʵʢ (Megson, Dack, 

2011). ʆʥʠ ʠʩʩʣʝʜʦʚʘʣʠ ʯʘʩʪʥʳʝ ʭʦʟʷʡʩʪʚʘ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʙʳʚʰʝʛʦ ʄʉɿ ʚ ɸʥʛʣʠʠ ʠ ʧʦʢʘʟʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʷʡʮʘʭ ʠ ʧʦʯʚʘʭ. ʇʦ ʠʭ ʜʘʥʥʳʤ, 

ʧʨʦʬʠʣʠ ʚ ʷʡʮʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʚʢʣʘʜʦʤ ʢʦʥʛʝʥʝʨʦʚ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʭʣʦʨʠʨʦʚʘʥʠʷ. ɺʠʟʫʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʣʥʦʛʦ ʧʨʦʬʠʣʷ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ 

ʩ ʧʨʦʬʠʣʷʤʠ ʠʟʚʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʞʥʳʤ ʚʳʚʦʜʘʤ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʠʷ 

ʚ ʙʠʦʥʘʢʦʧʣʝʥʠʠ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʚʝʨʦʷʪʥʦ, ʥʠʞʝ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩ ʨʘʟʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʭʣʦʨʠʨʦʚʘʥʠʷ (Hagenmaier, Lindig, She, 1994), 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʥʝ ʧʦ ʧʦʣʥʦʤʫ ʧʨʦʬʠʣʶ, ʘ ʧʦ ʧʨʦʬʠʣʷʤ 2,3,7,8-

ʟʘʤʝʱʝʥʥʳʭ ʠʟʦʤʝʨʦʚ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚʠʟʫʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʬʠʣʝʡ ɻʢʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʠ ʧʦʯʚʘʭ ʥʘ ʣʝʧʝʩʪʢʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʠʭ ʦʯʝʚʠʜʥʦʝ ʩʭʦʜʩʪʚʦ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ɻʢʍɼɼ/ʌ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʣʥʳʤ ʧʨʦʬʠʣʝʤ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʠ ʯʘʩʪʠʯʥʳʭ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

(Partial Least Squares (PLS) regression). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠ̫ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ ʚ ʙʠʦʠʥʜʠʢʘʮʠʠ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʦʥʠ 

ʦʪʨʘʞʘʶʪ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ, ʝʜʠʥʠʯʥʳ, ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʟʦʥʘʤ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʠʟʚʝʩʪʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʮʝʥʢʦʡ ʩʚʷʟʠ ʦʙʱʠʭ 

ʫʨʦʚʥʝʡ ʇʍɼɼ/ʌ. ʅʝʪ ʜʘʥʥʳʭ ʦ ʨʘʟʙʨʦʩʝ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʙʘʭ ʠʟ 

ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪ.ʢ. ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʫʩʨʝʜʥʝʥʥʳʝ ʦʙʨʘʟʮʳ. ʅʝ 
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ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʬʠʣʝʡ ʜʠʦʢʩʠʥʦʚ ʚ ʷʡʮʘʭ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ. . 

1.3.3. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʠ ʠʟʤʝʨʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʇʍɼɼ/ʌ ʥʘ ʬʦʥʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʮʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʙʠʦʪʳ, ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʘʷ ʨʝʩʫʨʩʦʝʤʢʘʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʉʘʤʳʤ 

ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʠʟʦʤʝʨʥʦ-

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʇʍɼɼ/ʌ ʥʘ ʫʣʴʪʨʘʩʣʝʜʦʚʦʤ ʫʨʦʚʥʝ (ppt ʠ ppq) ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ/ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ɻʍ/ʄʉɺʈ) ʩ ʠʟʦʪʦʧʥʳʤ 

ʨʘʟʙʘʚʣʝʥʠʝʤ. ʆʙʱʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ: ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ, ʜʦʙʘʚʣʝʥʠʝ ʢ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʧʨʦʙʝ ʠʟʦʪʦʧʥʦʤʝʯʝʥʳʭ ʇʍɼɼ/ʌ, ʚʳʜʝʣʝʥʠʝ ʇʍɼɼ/ʌ ʠʟ ʧʨʦʙʳ ʩ ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʷʱʝʛʦ 

ʤʝʪʦʜʘ ʵʢʩʪʨʘʢʮʠʠ, ʫʜʘʣʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʝʰʘʶʱʠʭ ʢʦʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ ʠʟ 

ʵʢʩʪʨʘʢʪʘ, ʜʦʚʝʜʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʜʦ ʦʙʲʝʤʘ ʦʢʦʣʦ 5-10 ʤʢʣ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʆʧʨʝʜʝʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʧʦ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʠʦʥʦʚ ʥʘ ʤʘʩʩ-ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʠʟʦʪʦʧʥʦ-ʤʝʯʝʥʳʭ ʘʥʘʣʦʛʦʚ (ʄʘʡʩʪʨʝʥʢʦ, ʂʣʶʝʚ, 2012; ʃʝʙʝʜʝʚ, 2013). 

ɼʣʷ ʠʥʜʠʢʘʮʠʠ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 

ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ (EROD, CALUX), 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʶʯʝʚʳʭ ʙʠʦʤʦʣʝʢʫʣ (ʘʥʪʠʪʝʣ, 

ʨʝʮʝʧʪʦʨʦʚ, ʬʝʨʤʝʥʪʦʚ) ʨʘʩʧʦʟʥʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʦʢʩʠʥʦʧʦʜʦʙʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʥʘ ʥʘʣʠʯʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʜʠʦʢʩʠʥʦʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

(Behnisch, Hosoʝ, Sakai, 2001). ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʥʝʧʨʷʤʳʝ, ʜʘʶʪ ʪʦʣʴʢʦ ʦʙʱʫʶ ʦʮʝʥʢʫ 

ʫʨʦʚʥʷ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʚʢʣʘʜ ʢʦʥʢʨʝʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠ ʁ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʩʢʨʠʥʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʩʦʤʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ 

ɻʍ/ʄʉɺʈ (Schecter et al., 2006; Shields et al., 2006, 2015). 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʦʯʝʪʘʥʠʝ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʩ ʤʝʪʦʜʘʤʠ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʠ ʘʥʘʣʠʟʦʤ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʊʘʢ, ʈʦʩʢʘʣʝʩ ʠ ʜʨ. (Roscales et al., 2016) ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʬʠʣʝ 

ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʜʚʫʭ ʚʠʜʦʚ ʯʘʝʢ (ʯʘʡʢʘ ʆʜʫʵʥʘ (Ichthyaetus audouinii) ʠ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʘʷ 

ʯʘʡʢʘ (Larus michahellis)) ʚ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʠ ʩʚʷʟʴ ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʩ ʧʠʱʝʚʳʤʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ. ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʘʷ ʯʘʡʢʘ ï ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʡ ʥʝʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 
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ʭʠʱʥʠʢ, ʧʠʪʘʶʱʠʡʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʭʦʜʘʤʠ ʩʦ ʩʚʘʣʦʢ. ʊʦʛʜʘ ʢʘʢ ʯʘʡʢʘ ʆʜʫʵʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʳʙʦʷʜʥʘ. ʊʨʦʬʦʜʠʥʘʤʠʢʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʩʝʨʳ (ʧʦʢʘʟʘʪʝʣʠ ŭ13ʉ, ŭ15N, ŭ34S). ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʦʢʘʟʘʣʦʩʴ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ ʩʦ ʩʚʘʣʦʢ, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʨʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʡʮʘ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʯʘʡʢʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʙʠʦʠʥʜʠʢʘʪʦʨʦʤ ʚʣʠʷʥʠʷ ʩʚʘʣʦʢ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʉʆɿ, ʘ ʯʘʡʢʘ ʆʜʫʵʥʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪ ʪʝʢʫʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʝʣʘʛʠʘʣʠ ʧʨʦʤʳʩʣʦʚʳʭ 

ʫʯʘʩʪʢʦʚ ʚʦʜʦʝʤʦʚ. ʊʘʢʞʝ ʵʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʧʠʱʝʚʦʡ ʩʝʪʠ. 

ʀʟʤʝʥʝʥʠʝ ʪʨʦʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʚʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʝʧʝʥʠ 

ʵʢʩʧʦʟʠʮʠʠ ʠ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ 

ʙʠʦʤʘʛʥʠʬʠʢʘʮʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʠʦʢʩʠʥʦʚ). ʊʘʢʠʝ ʠʟʤʝʥʝʥʠ ̫ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʦʮʝʥʢʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʥʠʞʝʥʠʡ ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʁ ʱʝʡ ʩʨʝʜʝ (Hebert, Weseloh, 

2006). ʊʘʢ, ʚ ʭʦʜʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʨʦʬʠʯʝʩʢʦʡ ʮʝʧʠ ʚ ɸʨʢʪʠʢʝ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʦʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʣʩʪʦʢʣʶʚʦʡ ʢʘʡʨʳ (Uria lomvia) ʚ ʧʝʨʠʦʜ 

1993-2013 ʛʛ. ʧʦʥʠʟʠʣʦʩʴ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʩʪʦʡʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʷʡʮʘʭ (Braune et al., 2015). ʇʦʜʦʙʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʦʬʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʠ ʫ ʩʝʨʝʙʨʠʩʪʦʡ ʯʘʡʢʠ (Larus argentatus) ʚ ɺʝʣʠʢʠʭ ʆʟʝʨʘʭ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥ rʩʧʝʮʠʘʣʴʥʳʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (Hebert, Hobson, Shutt, 2000; Hebert, Weseloh, 

2006).  
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ɻʃɸɺɸ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʦʢʩʠʥʦʚʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ɿʘʛʨʷʟʥʝʥʠʝ ʜʠʦʢʩʠʥʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ ʥʝʦʜʥʦʨʦʜʥʦ ʠ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʤʙʠʥʘʮʠʠ ʠʩʪʦʨʠʯʝʩʢʠʭ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʦʝʥʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ ʠ ʪʝʢʫʱʝʡ 

ʵʤʠʩʩʠʠ ʇʍɼɼ/ʌ. ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʶʞʥʘʷ ʯʘʩʪʴ ɺʴʝʪʥʘʤʘ (ʶʞʥʝʝ 17-ʡ 

ʧʘʨʘʣʣʝʣʠ ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ), ʛʜʝ ʠʤʝʶʪʩʷ ʟʦʥʳ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʰʠʨʦʢʦʛʦ ʚʦʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʤʝʩʝʡ ʛʝʨʙʠʮʠʜʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʜʦ 47 ʤʛ/ʢʛ 2,3,7,8-ʊʍɼɼ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʨʘʟʥʳʤ 

ʦʮʝʥʢʘʤ ʦʪ 1,77 ʜʦ 13 ʤʛ/ʢʛ) (Crosby, Wong, 1977; Stellman et al., 2003). ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʜʘʥʥʳʝ 

ʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʭʠʤʠʢʘʪʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʝʥʪʘʭʣʦʨʬʝʥʦʣʘ, ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʚʝʨʥʦʡ (Schecter et al., 

2018). ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʩʞʠʛʘʥʠʝʤ ʙʳʪʦʚʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʪʭʦʜʦʚ. 

2.1.1. ʇʦʩʣʝʜʩʪʚʠʷ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ 

ɺʦ ʚʨʝʤʷ ʚʦʡʥʳ ʚʦ ɺʴʝʪʥʘʤʝ ʚ ʧʝʨʠʦʜ ʩ 1961 ʧʦ 1971 ʛʛ ʦʢʦʣʦ 15 % ʣʝʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʖʞʥʦʛʦ ɺʴʝʪʥʘʤʘ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ ʛʝʨʙʠʮʠʜʘʤʠ ʦʜʥʦʢʨʘʪʥʦ ʠ ʝʱʝ ʦʢʦʣʦ 4 % ï ʤʥʦʛʦʢʨʘʪʥʦ 

(Westing, 1972). ʇʦʣʦʩʘ ʟʘʭʚʘʪʘ ʩʘʤʦʣʝʪʦʚ ʉ-123, ʩ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʨʘʩʧʳʣʝʥʠʝ, 

ʩʦʩʪʘʚʣʷʣʘ 80 ʤ (±6 ʤ) (Young, 2009). ʇʦ ʦʮʝʥʢʘʤ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʙʦʣʝʝ 90 % 

ʨʘʩʧʳʣʝʥʥʦʛʦ ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ ʦʩʘʞʜʘʣʦʩʴ ʚ 100-200 ʤ ʦʪ ʧʦʣʦʩʳ ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ 

ʨʘʩʧʳʣʝʥʠʠ ʩ ʚʳʩʦʪʳ 46 ʠ 76 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚʳʣʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ 

ʚʝʪʨʝʥʫʶ ʧʦʛʦʜʫ, ʰʠʨʠʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʣʦʩʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʦʩʘʞʜʘʣʦʩʴ ʜʦ 90-95 % 

ʨʘʩʧʳʣʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ, ʤʦʛʣʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ 800 ʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʜʣʷ 

ʩʦʚʝʨʰʝʥʠʷ ʚʳʣʝʪʦʚ ʚʝʪʨʝ (Institute of Medicine, 2011). ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʦʩʘ ʨʘʩʧʳʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 500 ʤ (Institute of Medicine, 2008). 

ʇʦʤʠʤʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʪʘʢʞʝ ʠʤʝʣʠ ʤʝʩʪʦ ʩʣʫʯʘʡʥʳʝ ʨʘʟʣʠʚʳ 

ʛʝʨʙʠʮʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʭ ʧʝʨʝʣʠʚʘʥʠʠ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ Pacer Ivy ʧʦ ʚʳʚʦʟʫ 

ʥʝʠʟʨʘʩʭʦʜʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ ʛʝʨʙʠʮʠʜʦʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ (Young, 2009; Hatfield 
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Consultants, 2011). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ ʦ ʜʚʫʭ ʢʨʫʧʥʳʭ ʨʘʟʣʠʚʘʭ ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ ʠ ɹʝʣʦʛʦ 

ɸʛʝʥʪʘ ʚ ʜʝʢʘʙʨʝ 1969 ʠ ʤʘʨʪʝ 1970 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʚʠʘʙʘʟʳ ɹʴʝʥʭʦʘ (Young, 2009).  

ʊʝʨʨʠʪʦʨʠʠ ʙʳʚʰʠʭ ʘʚʠʘʙʘʟ ɼʘʥʘʥʛ, ɹʴʝʥʭʦʘ ʠ ɸʩʦ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ 

ʜʠʦʢʩʠʥʦʚʳʤ çʛʦʨʷʯʠʤ ʪʦʯʢʘʤè ʠʟ-ʟʘ ʢʨʘʡʥʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʇʍɼɼ/ʌ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʟʜʝʩʴ ʆʨʘʥʞʝʚʳʡ ʘʛʝʥʪ ʦʩʪʘʝʪʩʷ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʠʦʢʩʠʥʦʚ ʩʧʫʩʪʷ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʚʦʡʥʳ (Minh et al., 2008, Le et al., 2019). 

2.1.2. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ɺʴʝʪʥʘʤʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʊʘʢ, ʚ ʧʝʨʠʦʜ ʩ 2005 ʧʦ 2009 ʛʛ. 

ʩʪʘʣʝʣʠʪʝʡʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʦ ɺʴʝʪʥʘʤʝ ʨʦʩʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 13,2 % ʚ ʛʦʜ. (Thuong, 2014). 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʨʦʩʳ ʇʍɼɼ/ʌ ʦʪ ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦ 

ɺʴʝʪʥʘʤʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ɸʟʠʠ, ʥʦ ʧʨʝʚʳʰʘʶʪ 

ʚʳʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ (Thuong, Huy, Minh, 2016). 

ʂʨʦʤʝ ʪʦʛʦ, ʝʞʝʛʦʜʥʦ ʚʦ ɺʴʝʪʥʘʤʝ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 62 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ (Phan et al., 2014), ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦ 

ʩʞʠʛʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʩʪʨʘʥʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʥʝ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʪʭʦʜʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʦʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 

(Tuan et al., 2017). 

ʉʦʛʣʘʩʥʦ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ 2013-2014 ʛʛ. (Duong et al., 2015), ʛʣʘʚʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʠʦʢʩʠʥʦʚ ʚʦ ɺʴʝʪʥʘʤʝ ʷʚʣʷʶʪʩʷ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʟʘʚʦʜʳ, ʦʪʢʨʳʪʦʝ 

ʩʞʠʛʘʥʠʝ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʇʍɼɼ/ʌ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 568 ʛ TEQ ʚ ʛʦʜ. 
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ʊʘʙʣʠʮʘ 4. ʀʥʚʝʥʪʘʨʠʟʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚʦ ɺʴʝʪʥʘʤʝ (ʜʘʥʥʳʝ ʟʘ 2013-

2014 ʛʛ). 

ʆʪʨʘʩʣʴ ɺʳʙʨʦʩʳ ʇʍɼɼ/ʌ (ʛ TEQ/ʛʦʜ) ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ɺʦʟʜʫʭ ɺʦʜʘ ʇʦʯʚʘ ʆʩʪʘʪʢʠ ɿʦʣʘ 

ʄʉɿ 287,8    177,9 465,7 

ʏʝʨʥʘʷ ʠ ʮʚʝʪʥʘʷ 

ʤʝʪʘʣʣʫʨʛʠʷ 
8,81 0 0 0 39,98 47,79 

ʎʝʤʝʥʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 17,89     17,89 

ʎʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 
0,006 0 0 0,657 5,33 6,47 

ʊʨʘʥʩʧʦʨʪ 3,99 0 0 0 0 3,99 

ʆʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ 24,3  0,87 0,37 1,11 26,6 

ʆʙʱʝʝ 568 

ʈʘʟʥʳʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ ʦʙʱʠʭ ʚʳʙʨʦʩʦʚ 

ʇʍɼɼ/ʌ, ʪʘʢ ʠ ʧʦ ʧʨʦʬʠʣʶ ʢʦʥʛʝʥʝʨʦʚ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Pham ʩ ʩʦʘʚʪʦʨʘʤʠ. (Pham et al., 

2019) ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ ʚ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʘʭ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʩʞʠʛʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ > ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʪʦʨʠʯʥʦʛʦ ʮʠʥʢʘ > ʫʛʦʣʴʥʳʝ ʨʝʤʝʩʣʝʥʥʳʝ ʢʦʪʣʳ > ʫʛʦʣʴʥʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ å ʩʞʠʛʘʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʦʪʭʦʜʦʚ > ʩʪʘʣʝʣʠʪʝʡʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ å 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʤʝʥʪʘ > ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʪʦʨʠʯʥʦʡ ʤʝʜʠ > ʫʛʦʣʴʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʪʣʳ > 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʪʦʨʠʯʥʦʡ ʞʝʩʪʠ å ʩʞʠʛʘʥʠʝ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ.  

ɺ ʚʳʙʨʦʩʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʵʪʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʚ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʇʍɼɼ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ, 

ʘ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʙʳʣʠ ʆʍɼɼ ʠ 1,2,3,4,6,7,8-ɻʧʍɼɼ. ʆʜʥʘʢʦ ʚ ʚʳʙʨʦʩʘʭ ʟʘʚʦʜʘ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʠʥʢʘ, ʦʜʥʦʡ ʠʟ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʩʞʠʛʘʪʝʣʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʩʦʚʩʝʤ ʜʨʫʛʦʡ ʧʨʦʬʠʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ 2,3,7,8-ʊʍɼɼ ʠ 1,2,3,7,8-ʇʝʍɼɼ. ɺ ʧʨʦʬʠʣʝ ʬʫʨʘʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʤʠʥʠʨʦʚʘʣ 

1,2,3,4,6,7,8-ɻʧʍɼʌ. ʆʜʥʘʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʫʛʦʣʴʥʦʡ 
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ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʫʛʦʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʪʣʘ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʧʦʚʳʰʝʥʥʳʡ ʚʢʣʘʜ ʪʝʪʨʘ- ʠ 

ʧʝʥʪʘ-ʬʫʨʘʥʦʚ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʩʥʠʞʝʥʠʶ ʚʢʣʘʜʘ ʦʩʪʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ (Pham et al., 2019). ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʚ ʚʳʙʨʦʩʘʭ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣʠ ɻʢʍɼʌ, ɻʧʍɼʌ, ʆʍɼɼ ʠ ɻʢʍɼɼ (Minh et al., 2013).  

ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʚʳʙʨʦʩʘʤ ʇʍɼɼ/ʌ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʯʝʪʳʨʝʭ ʩʪʘʣʝʣʠʪʝʡʥʳʭ 

ʬʘʙʨʠʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ. ɺʢʣʘʜ ʬʫʨʘʥʦʚ ʚ ʥʠʭ ʧʨʝʚʳʰʘʣ ʚʢʣʘʜ ʜʠʦʢʩʠʥʦʚ, ʘ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʙʳʣʠ 2,3,4,7,8-ʇʝʍɼʌ (14,6-40,2 %), 1,2,3,7,8-ʇʝʍɼɼ (5,5-22 %) 

ʠ 1,2,3,4,7,8,9-ɻʧʍɼʌ (0,8-11,9 %) (Thuong, Huy, Minh, 2016). ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʙʨʦʩʦʚ 

ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (Thuong et al., 2014) ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʚ ʜʳʤʦʚʳʭ 

ʛʘʟʘʭ ʦʢʘʟʘʣʠʩʴ 2,3,4,7,8-ʇʝʍɼʌ (23,2-26,2 %), 1,2,3,7,8-ʇʝʍɼɼ (9,6 %-16,2 %), 1,2,3,7,8-

ʇʝʍɼʌ (7-10 %). ʇʨʠ ʵʪʦʤ ʚ ʣʝʪʫʯʝʡ ʟʦʣʝ ʧʨʦʬʠʣʠ ʇʍɼɼ/ʌ ʦʪʣʠʯʘʣʠʩʴ: ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʦʢʘʟʘʣʠʩʴ 2,3,4,7,8- ʇʝʍɼʌ, 1,2,3,7,8-ʇʝʭɼɼ (16 %) ʠ 1,2,3,4,7,8-ɻʢʍɼʌ 

(14,9 %), ʚ ʜʨʫʛʦʤ ï 1,2,3,7,8-ʇʝʍɼɼ (41,9 %) ʠ 2,3,7,8- ʊʍɼɼ (17 %). ʊʘʢʘʷ ʨʘʟʥʠʮʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ 

ʩʦʜʝʨʞʘʣʦ ʚ 5-10 ʨʘʟ ʙʦʣʴʰʝ ʚʪʦʨʠʯʥʦʛʦ ʯʫʛʫʥʘ ʠ ʣʦʤʘ. 

ɺ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʮʝʤʝʥʪʥʳʭ ʧʝʯʝʡ ʬʫʨʘʥʳ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʣʠ ʥʘʜ ʜʠʦʢʩʠʥʘʤʠ (69-

93 %). ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʙʳʣʠ 2,3,4,7,8-ʇʝʍɼʌ ʠ 1,2,3,4,7,8-ɻʢʍɼʌ. ʊʦʛʜʘ ʢʘʢ ʚ 

ʦʙʨʘʟʮʘʭ ʣʝʪʫʯʝʡ ʟʦʣʳ ʠʟ ʪʝʭ ʞʝ ʧʝʯʝʡ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʣʠ ɻʧʍɼɼ, ʆʍɼɼ ʠ ʊʍɼʌ. 

ʇʨʠ ʵʪʦʤ ʚʢʣʘʜ ʆʍɼɼ ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ ʦʪ 27 ʜʦ 91 %. ʊʘʢʦʡ ʚʳʩʦʢʠʡ ʨʘʟʙʨʦʩ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʳʙʨʦʩʦʚ ʚ ʨʘʟʥʳʭ ʧʝʯʘʭ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆʍɼɼ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʦʡ (Thuong 

et al., 2014).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ ʚ ʚʳʙʨʦʩʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʪʠʧʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʢʦʥʢʨʝʪʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʬʠʣʠ ʇʍɼɼ/ʌ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʳʙʨʦʩʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʦʬʠʣʝʡ ʚ ʣʝʪʫʯʝʡ ʟʦʣʝ 

ʪʝʭ ʞʝ ʚʳʙʨʦʩʦʚ. 

ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʳʙʨʦʩʦʚ ʇʍɼɼ/ʌ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʨʠʙʨʝʞʥʳʭ ʦʙʣʘʩʪʷʭ. 
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2.2. ʆʪʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʙ 

2.2.1. ʊʦʯʢʠ ʦʪʙʦʨʘ 

ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʭʦʜʝ ʜʚʫʭ ʵʢʩʧʝʜʠʮʠʡ ʚʦ ɺʴʝʪʥʘʤ ʚ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2014 

ʛʛ. ʇʨʦʙʳ ʢʫʨʠʥʳʭ ʷʠʮ ʠ ʧʦʯʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ 36 ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʠʟ 16 ʧʨʦʚʠʥʮʠʡ 

ɺʴʝʪʥʘʤʘ ʠ 2 ʛʦʨʦʜʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʯʠʥʝʥʠʷ (ʍʘʥʦʡ ʠ ɼʘʥʘʥʛ). ɺ ʢʘʞʜʦʤ ʭʦʟʷʡʩʪʚʝ 

ʦʪʙʠʨʘʣʠʩʴ ʦʪ 3 ʜʦ 5 ʷʠʮ ʠ ʦʜʥʘ ʧʨʦʙʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʙʨʦʩʘ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʷʡʮʘ, ʦʪʦʙʨʘʥʥʳʝ ʚ 

2013 ʛʦʜʫ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʇʨʦʙʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ 2014 ʛʦʜʫ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʩʤʝʰʘʥʥʳʤ ʦʙʨʘʟʮʦʤ. ɺ ʜʚʫʭ ʭʦʟʷʡʩʪʚʘʭ ʪʘʢʞʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʟʦʣʳ ʦʪ ʩʞʠʛʘʥʠʷ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʘ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʢʫʨ ʪʝʨʨʠʪʦʨʠʠ ʭʦʟʷʡʩʪʚʘ. ʉʧʠʩʢʠ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ 6 ʠ 7. 

ʊʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍɼɼ/ʌ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ ʠʟ 10 ʭʦʟʷʡʩʪʚ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ (ʧʨʦʚʠʥʮʠʠ ʃʘʦʢʘʡ, ʁʝʥʙʘʡ, ʌʫʪʭʦ ʠ ɺʠʥʴʬʫʢ), ʧʦʣʫʯʝʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʀʇʕʕ ʈɸʅ ʚ 2010-2011 ʛʛ. (ʪʘʙʣʠʮʘ 8). ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʭʦʟʷʡʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʢʫʨʠʥʳʭ ʷʠʮ, ʩʦʩʪʘʚʠʣʦ 46. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʢʘʟʘʣʘʩʴ ʦʭʚʘʯʝʥʘ ʦʙʰʠʨʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪ ʧʨʦʚʠʥʮʠʠ 

ʃʘʦʢʘʡ ʥʘ ʩʝʚʝʨʝ ɺʴʝʪʥʘʤʘ ʜʦ ʧʨʦʚʠʥʮʠʠ ɼʦʥʛʥʘʡ ʥʘ ʶʛʝ ɺʴʝʪʥʘʤʘ, ʚʢʣʶʯʘʷ ʠʟʚʝʩʪʥʫʶ 

çʛʦʨʷʯʫʶ ʪʦʯʢʫè ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ (ʨʠʩʫʥʦʢ 3).  

ʊʘʙʣʠʮʘ 6. ʉʧʠʩʦʢ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʤʘʨʪʝ-ʘʧʨʝʣʝ 2013 ʛ.  

ʐʠʬʨ ʊʠʧ ʧʨʦʙʳ 
n 

ʷʠʮ 

ʂʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ 

ʦʪʙʦʨʘ (ʰʠʨʦʪʘ, 

ʜʦʣʛʦʪʘ) 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V13-E1 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 

10.9396725573289, 

106.808241893626 

ʜʝʨʝʚʥʷ ʍʦʘʘʥ, ʛ.ɹʴʝʥʭʦʘ, 

ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S1 ʧʦʯʚʘ  

V13-A1 ʟʦʣʘ  

V13-E2 ʢʫʨʠʥʳʝ ʷʡʮʘ 3 

10.9766598129326, 

106.840533022904 

38, 9 ʢʚʘʨʪʘʣ 9, ʨʘʡʦʥ ʊʘʥʬʦʥʛ, 

ʛ. ɹʴʝʥʭʦʘ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S2 ʧʦʯʚʘ  

V13-A2 ʟʦʣʘ  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6. 

ʐʠʬʨ ʊʠʧ ʧʨʦʙʳ 
n 

ʷʠʮ 

ʂʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ 

ʦʪʙʦʨʘ 
ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V13-E3 ʢʫʨʠʥʳʝ ʷʡʮʘ 4 
10.9712041309178, 

106.802029262414 

32, 5 ʢʚʘʨʪʘʣ 5, ʨʘʡʦʥ ɹʳʫʣʦʥʛ, 

ʛ. ɹʴʝʥʭʦʘ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S3 ʧʦʯʚʘ  

V13-E4 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
11.0076277441359, 

106.78637532955 

ɼʝʨʝʚʥʷ ʊʘʥʙʠʥʴ, ʨʘʡʦʥ 

ɺʠʥʴʢʳʫ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S4 ʧʦʯʚʘ  

V13-E5 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
11.3777580089949, 

107.060752303812 

ʧʨʦʧʫʩʢʥʦʡ ʧʫʥʢʪ ʧʨʠʨʦʜʥʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ 

ɼʦʥʛʥʘʡ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ V13-S5 ʧʦʯʚʘ  

V13-E6 ʢʫʨʠʥʳʝ ʷʡʮʘ  
11.3227639411881, 

107.041894160059 

8, 5 ʃʝʩʧʨʦʤʭʦʟ ʄʘʜʘ, ʨʘʡʦʥ 

ɺʠʥʴʢʳʫ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S6 ʧʦʯʚʘ 4 

V13-E7 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
11.2566090473399, 

107.069646309766 

3, 5 ʃʝʩʧʨʦʤʭʦʟ ʄʘʜʘ, ʨʘʡʦʥ 

ɺʠʥʴʢʳʫ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S7 ʧʦʯʚʘ  

V13-E8 ʢʫʨʠʥʳʝ ʷʡʮʘ 3 
11.0945540903844, 

107.02790186856 

ʛ. ɺʠʥʴʘʥ, ʨʘʡʦʥ ɺʠʥʴʢʳʫ, 

ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 
V13-S8 ʧʦʯʚʘ  

V13-E9 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
10.8454561531928, 

107.61926578382 

ʉʝʣʦ 5, ʜʝʨʝʚʥʷ ʊʘʥʜʳʢ, ʨʘʡʦʥ 

ʍʘʤʪʘʥ, ʧʨʦʚʠʥʮʠʷ ɹʠʥʴʪʭʫʘʥ 
V13-S9 ʧʦʯʚʘ  

V13-E10 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
10.8419913371853, 

107.855475423545 

ʛ. ʊʭʫʘʥʥʘʤ, ʧʨʦʚʠʥʮʠʷ 

ɹʠʥʴʪʭʫʘʥ 
V13-S10 ʧʦʯʚʘ  

V13-E11 ʢʫʨʠʥʳʝ ʷʡʮʘ 3 
10.9400846294159, 

108.189049941825 

ʂʚʘʨʪʘʣ ʍʘʤʪʴʝʥ ʛ. ʌʘʥʪʭʠʝʪ, 

ʧʨʦʚʠʥʮʠʷ ɹʠʥʴʪʭʫʘʥ 
V13-S11 ʧʦʯʚʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6. 

ʐʠʬʨ ʊʠʧ ʧʨʦʙʳ n 

ʷʠʮ 

ʂʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ 

ʦʪʙʦʨʘ 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V13-E12 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
11.240859765518, 

108.731376264944 

ʉʝʣʦ 1, ʜʝʨʝʚʥʷ ʌʳʦʢʪʭʝ, 

ʨʘʡʦʥ ʊʫʡʬʦʥʛ, ʧʨʦʚʠʥʮʠʷ 

ɹʠʥʴʪʭʫʘʥ V13-S12 ʧʦʯʚʘ  

V13-E13 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
11.8201792425614, 

109.107967496966 

ʉʝʣʦ ʄʠʪʭʘʥʴ, ʜʝʨʝʚʥʷ 

ʂʘʤʪʭʠʥʴ, ʛ. ʂʘʤʨʘʥʴ, 

ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ V13-S13 ʧʦʯʚʘ  

V13-E14 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
12.2006545604058, 

109.178174459595 

ʉʝʣʦ ʂʫʦʢʯʫʥʛ, ʜʝʨʝʚʥʷ 

ʌʳʦʢʜʦʥʛ, ʛ. ʅʷʯʘʥʛ, 

ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ V13-S14 ʧʦʯʚʘ 
 

 

ʊʘʙʣʠʮʘ 7. ʉʧʠʩʦʢ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʘʧʨʝʣʝ 2014 ʛ. 

ʐʠʬʨ ʊʠʧ ʧʨʦʙʳ n ʂʦʦʨʜʠʥʘʪʳ ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V14-E1 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
20.7245865, 

105.9110565 

ʩʝʣʦ ɸʥʭʦʘ, ʜʝʨʝʚʥʷ ʌʫʢʪʫʝʥ, 

ʨʘʡʦʥ ʌʫʩʶʝʥ, ʍʘʥʦʡ 
V14-S1 ʧʦʯʚʘ  

V14-E2 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
20.6238232, 

105.9209213 

ʩʝʣʦ ʍʦʘʥʛʪʭʳʦʥʛ, ʜʝʨʝʚʥʷ 

ʍʦʘʥʛʜʦʥʛ, ʨʘʡʦʥ ɿʫʠʪʴʝʥ, 

ʧʨʦʚʠʥʮʠʷ ʍʘʥʘʤ V14-S2 ʧʦʯʚʘ  

V14-E3 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
20.2902908, 

105.9207077 

ʧʦʩʝʣʦʢ ɼʦʥʛʪʭʘʥʴ, ʜʝʨʝʚʥʷ 

ʏʳʦʥʛʡʝʥ, ʨʘʡʦʥ ʍʦʘʣʳ, 

ʧʨʦʚʠʥʮʠʷ ʅʠʥʴʙʠʥʴ V14-S3 ʧʦʯʚʘ  

V14-E4 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
20.0684490, 

105.8465958 

ʩʝʣʦ 5, ʘʜʤ.ʝʜ.1-ʛʦ ʧʦʨʷʜʢʘ 

ɹʠʤʰʦʥ, ʧʨʦʚʠʥʮʠʷ ʊʭʘʥʴʭʦʘ 
V14-S4 ʧʦʯʚʘ  

V14-E5 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
19.5405254, 

105.7834015 

ʧʦʩʝʣʦʢ 12, ʩʝʣʦ 4, ʜʝʨʝʚʥʷ 

ʍʘʡʘʥ, ʨʘʡʦʥ ʊʠʥʴʛʠʘ, 

ʧʨʦʚʠʥʮʠʷ ʊʭʘʥʴʭʦʘ V14-S5 ʧʦʯʚʘ  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7. 

ʐʠʬʨ ʊʠʧ ʧʨʦʙʳ n 

ʷʠʮ 

ʂʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ 

ʦʪʙʦʨʘ 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V14-E6 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 18.7658653, 

105.7534027 

ʌʫʦʥʛ ʅʛʭʠ ʍʘʡ, ʂʫʘʣʦ, 

ʧʨʦʚʠʥʮʠʷ ʅʛʝʘʥ 

V14-S6 ʧʦʯʚʘ  

V14-E7 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 18.2574959, 

106.0020218 

134 ʜʦʨʦʛʘ ʅʛʫʝʥʜʠʥʴʣʴʝʥ, ʛ. 

ʂʘʤʩʶʝʥ, ʧʨʦʚʠʥʮʠʷ ʍʘʪʠʥʴ 

V14-S7 ʧʦʯʚʘ  

V14-E8 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 17.8876286, 

106.4518204 

ʩʝʣʦ ʅʘʤʣʘʥʴ, ʜʝʨʝʚʥʷ 

ʂʫʘʥʛʬʫ, ʨʘʡʦʥ ʂʫʘʥʛʯʘʪʴ, 

ʧʨʦʚʠʥʮʠʷ ʂʫʘʥʛʙʠʥʴ 
V14-S8 ʧʦʯʚʘ  

V14-E9 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 17.6136703, 

106.3173599 

ʩʝʣʦ 1 ʂʫʣʘʢ, ʜʝʨʝʚʥʷ ʐʦʥʯʘʪʴ, 

ʨʘʡʦʥ ɹʦʯʘʪʴ, ʧʨʦʚʠʥʮʠʷ 

ʂʫʘʥʛʙʠʥʴ 
V14-S9 ʧʦʯʚʘ  

V14-E10 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 17.2759171, 

106.7692490 

ʩʝʣʦ ɸʥʜʠʥʴ, ʜʝʨʝʚʥʷ 

ʍʦʥʛʪʭʶʠ, ʨʘʡʦʥ ʃʝʪʭʶʠ, 

ʧʨʦʚʠʥʮʠʷ ʂʫʘʥʛʙʠʥʴ 
V14-S10 ʧʦʯʚʘ  

V14-E11 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 16.9163761, 

107.0748749 

ʧʦʩʝʣʦʢ ʏʦʡ, ʩʝʣʦ ʍʘʯʫʥʛ, 

ʜʝʨʝʚʥʷ ɻʠʦʪʷʫ, ʨʘʡʦʥ ɻʠʦʣʠʥʴ, 

ʧʨʦʚʠʥʮʠʷ ʂʫʘʥʛʯʠ. 
V14-S11 ʧʦʯʚʘ  

V14-E12 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 16.9286690, 

107.0006485 

ʧʦʩʝʣʦʢ ɸʥʥʷ, ʜʝʨʝʚʥʷ ɻʠʦʘʥ, 

ʨʘʡʦʥ ɻʠʦʣʠʥʴ, ʧʨʦʚʠʥʮʠʷ 

ʂʫʘʥʛʯʠ 
V14-S12 ʧʦʯʚʘ  

V14-E13 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 16.7935047, 

106.9648972 

ʩʝʣʦ ʊʘʥʯʳʦʥʛ, ʜʝʨʝʚʥʷ 

ʂʘʤʪʭʘʥʴ, ʨʘʡʦʥ ʂʘʤʣʦ, 

ʧʨʦʚʠʥʮʠʷ ʂʫʘʥʛʯʠ 
V14-S13 ʧʦʯʚʘ  

V14-E14 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 16.7442493, 

106.9465256 

ʩʝʣʦ ʌʳʦʥʛʘʥ 2, ʜʝʨʝʚʥʷ 

ʂʘʤʥʛʠʘ, ʨʘʡʦʥ ʂʘʤʣʦ, 

ʧʨʦʚʠʥʮʠʷ ʂʫʘʥʛʯʠ 
V14-S14 ʧʦʯʚʘ  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7. 

ʐʠʬʨ ʊʠʧ ʧʨʦʙʳ n 

ʷʠʮ 

ʂʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ 

ʦʪʙʦʨʘ 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V14-E15 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
16.5727215, 

107.3888702 

ʩʝʣʦ ʊʭʳʦʥʛʭʦʘ, ʜʝʨʝʚʥʷ 

ʌʦʥʛʭʴʝʥ, ʨʘʡʦʥ ʌʦʥʛʜʴʝʥ, 

ʧʨʦʚʠʥʮʠʷ ʊʭʳʘʪʭʴʝʥ-ʍʶ ɻV14-S15 ʧʦʯʚʘ  

V14-E16 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
16.2942181, 

107.8104401 

ʩʝʣʦ ɹʘʢʰʦʥ, ʜʝʨʝʚʥʷ ʃʫʢʜʴʝʥ, 

ʨʘʡʦʥ ʌʫʣʦʢ, ʧʨʦʚʠʥʮʠʷ 

ʊʭʳʘʪʭʴʝʥ-ʍʶ ɻV14-S16 ʧʦʯʚʘ  

V14-E17 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
16.0557747, 

108.0763931 

ʩʝʣʦ ʐʦʥʬʳʦʢ, ʜʝʨʝʚʥʷ 

ʍʦʘʥʠʥʴ, ʨʘʡʦʥ ʍʦʘʚʘʥʛ, 

ɼʘʥʘʥʛ V14-S17 ʧʦʯʚʘ  

V14-E18 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
15.7214108, 

108.3535767 

13, ʛʦʨʦʜ ʍʘʣʘʤ, ʨʘʡʦʥ 

ʊʭʘʥʴʙʠʥʴ, ʧʨʦʚʠʥʮʠʷ 

ʂʫʘʥʛʥʘʤ V14-S18 ʧʦʯʚʘ  

V14-E19 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
15.2829208, 

108.7461472 

ʩʝʣʦ ʅʘʤʪʭʫʘʥ, ʜʝʨʝʚʥʷ 

ɹʠʥʴʪʴʳʦʥʛ, ʨʘʡʦʥ ɹʠʥʴʰʦʥ, 

ʧʨʦʚʠʥʮʠʷ ʂʫʘʥʛʥʛʘʡ V14-S19 ʧʦʯʚʘ  

V14-E20 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
14.3000031, 

109.0657730 

ʩʝʣʦ ʊʘʥʘʧ, ʜʝʨʝʚʥʷ ʄʠʣʦʢ, 

ʨʘʡʦʥ ʌʫʤʠ, ʧʨʦʚʠʥʮʠʷ 

ɹʠʥʴʜʠʥʴ V14-S20 ʧʦʯʚʘ  

V14-E21 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
13.3348036, 

109.2293701 

ʩʝʣʦ ʍʦʡʪʠʥ, ʜʝʨʝʚʥʷ ɸʥʯʘʪʴ, 

ʨʘʡʦʥ ʊʫʠʘʥ, ʧʨʦʚʠʥʮʠʷ ʌʫʡʝʥ 
V14-S21 ʧʦʯʚʘ  

V14-E22 ʢʫʨʠʥʳʝ ʷʡʮʘ 5 
12.5852308, 

109.1457138 

ʩʝʣʦ ɻʠʘʤʠ, ʜʝʨʝʚʥʷ ɸʥʥʠʥʴ, 

ʨʘʡʦʥ ʅʠʥʴʭʦʘ ʧʨʦʚʠʥʮʠʷ 

ʂʭʘʥʴʭʦʘ V14-S22 ʧʦʯʚʘ 
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ʊʘʙʣʠʮʘ 8. ʉʧʠʩʦʢ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʘʧʨʝʣʝ 2010 ʠ ʥʦʷʙʨʝ-ʜʝʢʘʙʨʝ 2011 ʛ. 

ʐʠʬʨ  ʊʠʧ ʧʨʦʙʳ 
n ʂʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ 

ʦʪʙʦʨʘ 
ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

V10-29 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 22.28577, 103.93361 

ʜʝʨ.ˉ1, ʤʢʨʥ. ʐʫʧʘʥ, ʨ-ʥ 

ʐʘʧʘ, ʧʨʦʚʠʥʮʠʷ ʃʘʦʢʘʡ. 

ʇʨʠʤʝʨʥʦ ʥʘ ʧʦʣʦʚʠʥʝ ʩʧʫʩʢʘ ʚ 

ʜʦʣʠʥʫ, ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʜʦʤʘ 

ʚʜʦʣʴ ʜʦʨʦʛʠ 

V10-31 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 22.36595, 103.80226 

ʥʝʜʘʣʝʢʦ (6-7 ʢʤ) ʦʪ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʍʦʘʥʛ 

ʃʠʝʥ, ʨ-ʥ ʐʘʧʘ, ʧʨʦʚʠʥʮʠʷ 

ʃʘʦʢʘʡ 

V10-32 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
22.518639, 

103.993056 

ʤʢʨʥ. 11, ʛ. ʃʘʦʢʘʡ, ʧʨʦʚʠʥʮʠʷ 

ʃʘʦʢʘʡ.  

V10-33 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
22.284972, 

104.384444 

ʜʝʨʝʚʥʷ ʅʘʤʙʘʡʜʘʦ, ʤʢʨʥ. 

ʊʫʦʥʛʭʘ, ʨ-ʥ ɹʘʦʡʝʥ, ʧʨʦʚʠʥʮʠʷ 

ʃʘʦʢʘʡ  

V11-E1 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
21.278396, 

105.510553 

ʩʝʣʦ ʐʝʥ, ʜʝʨʝʚʥʷ ʅʛʠʘʭʫʥʛ, 

ʨʘʡʦʥ ɺʠʥʴʪʳʦʥʛ, ʧʨʦʚʠʥʮʠʷ 

ɺʠʥʴʬʫʢ 

V11-E2 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
21.458139, 

105.239555 

ʜʝʨʝʚʥʷ ʊʴʝʥʬʫ, ʨʘʡʦʥ ʌʫʥʠʥʴ, 

ʧʨʦʚʠʥʮʠʷ ʌʫʪʭʦ. 

V11-E3 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
21.813167, 

104.892545 

ʩʝʣʦ ʂʭʳʦʥʛʠʘ, ʜʝʨʝʚʥʷ 

ʊʘʥʭʫʦʥʛ, ʨʘʡʦʥ ʁʝʥʙʠʥʴ, 

ʧʨʦʚʠʥʮʠʷ ʁʝʥʙʘʡ 

V11-E4 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
22.261583, 

104.429738 

ʜʝʨʝʚʥʷ ʊʭʫʦʥʛʭʘ, ʨʘʡʦʥ 

ɹʘʦʡʝʥ, ʧʨʦʚʠʥʮʠʷ ʃʘʦʢʘʡ  

V11-E5 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
22.297598, 

103.910251 

ʩʝʣʦ ʊʘʚʘʥʤʦʥʛ, ʜʝʨʝʚʥʷ ʊʘʚʘʥ, 

ʨʘʡʦʥ ʐʘʧʘ, ʧʨʦʚʠʥʮʠʷ ʃʘʦʢʘʡ  

V11-E6 ʗʡʮʘ ʢʫʨʠʥʳʝ 3 
22.475919, 

104.124876 

ʩʝʣʦ 1, ʛʦʨʦʜʦʢ ʌʦʥʛʭʘʡ, ʨʘʡʦʥ 

ɹʘʦʪʭʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʃʘʦʢʘʡ  
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ʈʠʩʫʥʦʢ 3. ʂʘʨʪʘ ʪʦʯʝʢ ʦʪʙʦʨʘ (ʜʘʥʥʳʝ ʢʘʨʪʳ © OpenStreetMap contributors).  
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ɼʣʷ ʦʮʝʥʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʷʡʮʘ ʚ 

2013 ʛʦʜʫ ʦʪʙʠʨʘʣʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʪʝʭ ʞʝ ʭʦʟʷʡʩʪʚʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʨʦʙ 

ʷʠʮ ʚ 2010 ʛʦʜʫ. ɺ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʵʪʦ ʦʢʘʟʳʚʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ, ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʚ ʙʣʠʞʘʡʰʝʤ 

ʜʦʩʪʫʧʥʦʤ ʭʦʟʷʡʩʪʚʝ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʫʯʘʩʪʢʦʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʘʵʨʦʜʨʦʤʫ 

ɹʴʝʥʭʦʘ, ʙʳʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍʍɼ/ʌ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ 2007 ʠ 2008 ʛʛ. (ʨʠʩʫʥʦʢ 4). 

 

ʈʠʩʫʥʦʢ 4. ʂʘʨʪʘ ʪʦʯʝʢ ʦʪʙʦʨʘ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ 

(ʜʘʥʥʳʝ ʢʘʨʪʳ © OpenStreetMap contributors). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʇʍɼɼ/ʌ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʚʣʠʷʥʠʷ ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ, ʚʩʝ ʪʦʯʢʠ ʦʪʙʦʨʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

«ʛʦʨʷʯʝʡ ʪʦʯʢʠ» ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ ʠ ʥʝʩʢʦʣʴʢʠʭ ʭʦʟʷʡʩʪʚ ʩ ʷʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʟʘʤʝʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ) ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʢʘʨʪʳ ʙʦʝʚʳʭ ʚʳʣʝʪʦʚ ʧʦ ʨʘʩʧʳʣʝʥʠʶ ʛʝʨʙʠʮʠʜʦʚ ʚʦ ɺʴʝʪʥʘʤʝ (URL: 

https://www.chicagotribune.com/chi-091204-agentorange-map-htmlstory.html):  

¶ ʩʝʚʝʨʥʳʝ (n=20) 

¶ ʶʞʥʳʝ ʦʙʨʘʙʦʪʘʥʥʳʝ ʆɸ (n=4) 

¶ ʶʞʥʳʝ ʥʝ ʦʙʨʘʙʦʪʘʥʥʳʝ ʆɸ (n=18) 

ʍʦʟʷʡʩʪʚʦ ʦʪʥʦʩʠʣʠ ʢ ʦʙʨʘʙʦʪʘʥʥʳʤ ʆɸ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʦ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 400 ʤ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʙʦʝʚʦʛʦ ʚʳʣʝʪʘ.  

https://www.chicagotribune.com/chi-091204-agentorange-map-htmlstory.html
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ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʠʮ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʪʠʮ ʚ ʙʠʦʠʥʜʠʢʘʮʠʠ 

ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍɼɼ/ʌ ʚ ʯʝʪʳʨʝʭ 

ʧʨʦʙʘʭ ʫʪʠʥʳʭ ʷʠʮ (ʧʦ 3-5 ʷʠʮ ʢʘʞʜʘʷ), ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʨʦʚʠʥʮʠʷʭ ɼʦʥʛʥʘʡ, ɼʘʢʥʦʥʛ, ʂʦʥʪʫʤ ʠ 

ʃʘʦʢʘʡ ʚ 2009-2010 ʛʛ. (ʊʨʦʧʮʝʥʪʨ, 2013). ɹʳʣʠ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʇʍʍɼ/ʌ ʚ ʷʡʮʘʭ ʜʚʫʭ ʚʠʜʦʚ ʜʠʢʠʭ ʧʪʠʮ: ʦʩʪʨʦʭʚʦʩʪʦʡ ʙʨʦʥʟʦʚʦʡ ʘʤʘʜʠʥʳ 

(Lonchura striata) ʠ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʙʶʣʴʙʶʣʷ ɹʣʵʥʬʦʨʜʘ (Pycnonotus blanfordi) (ʧʦ ʦʜʥʦʡ 

ʧʨʦʙʝ ʷʠʮ ʢʘʞʜʦʛʦ ʚʠʜʘ), ʦʪʦʙʨʘʥʥʳʭ ʚ ʣʝʩʥʦʤ ʤʘʩʩʠʚʝ ʄʘʜʘ ʠ ʧʝʨʝʜʘʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʶ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʀʇʕʕ ʈɸʅ. 

2.2.2. ʉʭʝʤʘ ʘʥʘʣʠʟʘ 

ʆʙʱʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʀʇʕʕ ʈɸʅ 

(ʨʠʩʫʥʦʢ 5).  

 

ʈʠʩʫʥʦʢ 5. ʆʙʱʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ. 
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2.2.3. ʇʨʦʙʳ ʷʠʮ 

ʇʨʦʙʳ ʷʠʮ ʦʪʙʠʨʘʣʠ ʚ ʭʦʟʷʡʩʪʚʘʭ, ʛʜʝ ʧʪʠʮʳ ʩʦʜʝʨʞʘʣʠʩʴ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ. 

ʆʪʦʙʨʘʥʥʳʝ ʷʡʮʘ ʙʳʣʠ ʩʚʘʨʝʥʳ ʚʢʨʫʪʫʶ (10 ʤʠʥʫʪ ʚ ʢʠʧʷʱʝʡ ʚʦʜʝ) ʠ ʟʘʤʦʨʦʞʝʥʳ. ʗʡʮʘ 

ʦʯʠʱʘʣʠ ʦʪ ʩʢʦʨʣʫʧʳ, ʣʠʦʬʠʣʠʟʠʨʦʚʘʣʠ ʠ ʠʟʤʝʣʴʯʘʣʠ. ʅʘʚʝʩʢʫ ʦʙʨʘʟʮʘ ʧʦʤʝʱʘʣʠ ʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʧʘʪʨʦʥ, ʥʘ ʚʝʨʭʥʠʡ ʬʠʣʴʪʨ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘʥʦʩʠʣʠ ʩʤʝʩ ɹ 13ʉ12-

ʤʝʯʝʥʳʭ ʇʍɼɼ/ʌ (EPA-1613 ISS) ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩʤʝʩʴʶ 

ʛʝʢʩʘʥʘ ʠ ʵʪʘʥʦʣʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 78Áʉ. 

ʆʯʠʩʪʢʫ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʫʛʦʣʴʥʦʡ 

ʢʦʣʦʥʢʝ (AX-21 Anderson Development Co ʩ ʮʝʣʠʪʦʤ), ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʣʦʥʢʝ (ʂ2SiO3, Na2SO4, 

44 % H2SO4/SiO2, Na2SO4, 40 % H2SO4/SiO2, Na2SO4, 30 % H2SO4/SiO2) ʠ ʢʦʣʦʥʢʝ ʩ ʦʢʩʠʜʦʤ 

ʘʣʶʤʠʥʠʷ (4 ʛ, ʘʢʪʠʚʠʨʦʚʘʥ ʧʨʠ 600ï650 ºC). ɿʘʪʝʤ ʚʥʦʩʠʣʠ ʠʟʦʪʦʧʥʦʤʝʯʝʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 5-7 ʤʢʣ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʳ ʬʠʨʤ 

Welligtnon Laboratories ʠ Cambridge Isotope Laboratories.  

ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ: ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʫʛʦʣʴʥʦʡ ʢʦʣʦʥʢʝ 

ʫʧʘʨʠʚʘʣʠ ʠ ʚʟʚʝʰʠʚʘʣʠ ʬʨʘʢʮʠʶ, ʩʦʜʝʨʞʘʱʫʶ ʣʠʧʠʜʳ. 

2.2.4. ʇʨʦʙʳ ʧʦʯʚ 

ʆʪʙʠʨʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʦʯʚʳ ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘ ʚ ʪʝʭ ʫʯʘʩʪʢʘʭ ʭʦʟʷʡʩʪʚʘ, ʥʘ 

ʢʦʪʦʨʳʭ ʚʳʛʫʣʠʚʘʣʠʩʴ ʢʫʨʳ.  

ʇʦʯʚʫ ʚʳʩʫʰʠʚʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ ʠ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 0,25 ʤʤ. 

ʅʘʚʝʩʢʫ ʦʙʨʘʟʮʘ 15-30 ʛ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʧʘʪʨʦʥ, ʥʘ ʚʝʨʭʥʠʡ ʬʠʣʴʪʨ ʠʟ 

ʢʚʘʨʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘʥʦʩʠʣʠ ʩʤʝʩ ɹ 13ʉ12-ʤʝʯʝʥʳʭ ʇʍɼɼ/ʌ (EPA-1613 ISS). ʕʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩʤʝʩʴʶ ʪʦʣʫʦʣʘ ʠ ʘʮʝʪʦʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 9:1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

98 Áʉ. ʆʯʠʩʪʢʫ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʢʦʣʦʥʢʝ (ʂ2SiO3, Na2SO4, 44 % H2SO4/SiO2, Na2SO4, 40 % H2SO4/SiO2, Na2SO4, 

30 % H2SO4/SiO2), ʫʛʦʣʴʥʦʡ ʢʦʣʦʥʢʝ (AX-21 Anderson Development Co ʩ ʮʝʣʠʪʦʤ) ʠ ʢʦʣʦʥʢʝ ʩ 

ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ (4 ʛ, ʘʢʪʠʚʠʨʦʚʘʥ ʧʨʠ 600ï650 ºC). ɿʘʪʝʤ ʚʥʦʩʠʣʠ ʠʟʦʪʦʧʥʦʤʝʯʝʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 5-7 ʤʢʣ.  

2.2.5. ʇʨʦʙʳ ʟʦʣʳ 

ʇʨʦʙr ʟʦʣʳ ʦʪʙʠʨʘʣʠ ʩ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʢʫʨ ʫʯʘʩʪʢʦʚ ʭʦʟʷʡʩʪʚ. ɺ ʥʘʚʝʩʢʫ 5-10 ʛ ʚʥʦʩʠʣʠ 

ʩʤʝʩʠ 13ʉ12-ʤʝʯʝʥʳʭ ʇʍɼɼ/ʌ (EPA-1613 ISS), ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 
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ʩʤʝʩʴʶ ʪʦʣʫʦʣʘ ʠ ʘʮʝʪʦʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 9:1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 98 Áʉ. ʆʯʠʩʪʢʫ ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ (ʂ2SiO3, Na2SO4, 

44 % H2SO4/SiO2, Na2SO4, 40% H2SO4/SiO2, Na2SO4, 30% H2SO4/SiO2) ʢʦʣʦʥʢʝ, ʫʛʦʣʴʥʦʡ 

ʢʦʣʦʥʢʝ (AX-21 Anderson Development Co ʩ ʮʝʣʠʪʦʤ) ʠ ʢʦʣʦʥʢʝ ʩ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠ ̫ (4 ʛ, 

ʘʢʪʠʚʠʨʦʚʘʥ ʧʨʠ 600ï650 ºC). ɿʘʪʝʤ ʚʥʦʩʠʣʠ ʠʟʦʪʦʧʥʦʤʝʯʝʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 5-7 ʤʢʣ.  

2.3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ɻʍ-ʄʉɺʈ) ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Waters Autospec 

Premier, ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʛʘʟʦʚʳʤ ʭʨʦʤʘʪʦʛʨʘʬʦʤ Agilent Technology 7890. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʢʘʧʠʣʣ̫ ʨʥʦʡ ʢʦʣʦʥʢʝ SGE BPX-5 ʜʠʘʤʝʪʨʦʤ 0,22 ʤʤ, ʪʦʣʱʠʥʘ 

ʬʘʟʳ 0,25 ʤʢʤ, ʜʣʠʥʘ ʢʦʣʦʥʢʠ 30 ʤ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 150 ʉ̄ (ʚʳʜʝʨʞʢʘ 2 ʤʠʥ), 

ʩʪʫʧʝʥʯʘʪʦʝ ʥʘʛʨʝʚʘʥʠʝ ʜʦ 215 ʉ̄ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʉ̄/ʤʠʥ, ʟʘʪʝʤ ʜʦ 245 ʉ̄ ʩʦ ʩʢʦʨʦʩʪʴʶ 

1,5 ʉ̄/ʤʠʥ ʠ ʜʘʣʝʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 29 ʉ̄ ʩʦ ʩʢʦʨʦʩʪʴ 10 ʉ̄/ʤʠʥ, ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 9,5 ʤʠʥ (ʜʦ ʢʦʥʮʘ ʵʣʶʠʨʦʚʘʥʠʷ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʦʢʝ 

ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʛʝʣʠʡ) - 0,8 ʤʣ/ʤʠʥ. 1 ʤʢʣ ʨʘʩʪʚʦʨʘ ʠʥʞʝʢʪʠʨʦʚʘʣʠ ʚ ʭʨʦʤʘʪʦʛʨʘʬ ʚ ʨʝʞʠʤʝ 

splitless ʩ ʥʘʯʘʣʦʤ ʧʨʦʜʫʚʢʠ ʠʥʞʝʢʪʦʨʘ ʯʝʨʝʟ 2 ʤʠʥ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʧʨʠ ʠʦʥʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 40 ʵɺ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ - ʦʢʦʣʦ 10000. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʜʘʥʥʳʭ ʠʦʥʦʚ 

(Selected Ion Monitoring - SIM), ʦʩʫʱʝʩʪʚʣʷʷ ʨʝʛʠʩʪʨʘʮʠʶ ʩʝʣʝʢʪʠʚʥʳʭ ʤʘʩʩ-ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʦ 

ʠʦʥʘʤ ʄ+ ʠ (ʄ+2)+ ʜʣʷ ʊʍɼɼ/ʊʍɼʌ ʠ ʧʦ ʠʦʥʘʤ (ʄ+2)+ ʠ (ʄ+4)+ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʇʍɼɼ/ʇʍɼʌ 

(ʪʘʙʣʠʮʘ 9). ɼʣʷ ʧʦʩʪʦʷʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʠ ʪʦʯʥʳʭ ʤʘʩʩ ʠʦʥʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʧʠʢʠ ʠʦʥʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʰʢʘʣʳ ʤʘʩʩ (ʧʝʨʬʪʦʨʢʝʨʦʩʠʥʘ). ʉʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʚʚʦʜʠʤʳʤ ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ ʚ ʵʢʩʪʨʘʢʪ 1,2,3,4-13C12-ʊʍɼɼ ʠ 

1,2,3,7,8,9-13C12-ɻʢʍɼɼ. 

ʆʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ MassLynx V 4.1. 

ʉʫʤʤʘʨʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʚʳʯʠʩʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʦʢʩʠʯʥʦʩʪʠ WHO-TEF 2005 ʛʦʜʘ (Van den Berg et al., 2006). ɿʥʘʯʝʥʠʷ, ʤʝʥʴʰʠʝ ʧʨʝʜʝʣʘ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤʠ ʧʨʝʜʝʣʫ ʦʙʥʘʨʫʞʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 9. ʄʘʩʩʳ (m/z) ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʠʦʥʦʚ. 

ʉʦʝʜʠʥʝʥʠʝ M1 ʄ2 
ʉʦʦʪʥʦʰʝʥʠʝ 

ʧʠʢʦʚ M1/M2 

ʊʍɼɼ 319,8965 321,8936 0,77 

ʊʍɼʌ 303,9016 305,8987 0,77 

ʇʝʍɼɼ 355,8546 357,8517 1,32 

ʇʝʍɼʌ 339,8597 341,8568 1,32 

ɻʢʍɼɼ 389,8156 391,8127 1,24 

ɻʢʍɼʌ 373,8207 375,8178 1,24 

ɻʧʍɼɼ 423,7767 425,7737 1,05 

ɻʧʍɼʌ 407,7818 409,7788 1,05 

ʆʍɼɼ 457,7377 459,7348 0,89 

ʆʍɼʌ 441,7428 443,7388 0,89 

13ʉ12-2,3,7,8-ʊʍɼɼ 331,9368 333,9339 0,77 

13ʉ12-2,3,7,8-ʊʍɼʌ 315,9419 317,9389 0,77 

13ʉ12-1,2,3,7,8-ʇʝʍɼɼ 365,8978 367,8949 1,32 

13ʉ12-1,2,3,7,8-ʇʝʍɼʌ 351,9000 353,8576 1,32 

13ʉ12-1,2,3,6,7,8-ɻʢʍɼɼ 401,8559 403,8530 1,24 

13ʉ12-1,2,3,6,7,8-ɻʢʍɼʌ 385,8610 387,8580 1,24 

13ʉ12-1,2,3,4,6,7,8-ɻʧʍɼɼ 435,8169 437,8140 1,05 

13ʉ12-1,2,3,4,6,7,8-ɻʧʍɼɼ 407,7818 409,7788 1,05 

13ʉ12-ʆʍɼɼ 469,7780 471,7750 0,89 

2.4. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʆʙʨʘʟʮʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʘʨʪʠʷʤʠ ʧʦ 5 ʦʙʨʘʟʮʦʚ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚ ʧʘʨʪʠʶ 

ʚʢʣʶʯʘʣʠ ʭʦʣʦʩʪʦʡ ʦʧʳʪ (ʧʨʦʜʝʣʳʚʘʣʠ ʚʩʝ ʦʧʝʨʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʩʝ ʨʝʘʛʝʥʪʳ, ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʪʘʥʜʘʨʪʳ, ʥʦ ʙʝʟ ʩʘʤʦʛʦ ʦʙʨʘʟʮʘ). ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʢʨʠʪʝʨʠʷʤ:  

¶ ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʥʘʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʨʝʤʝʥ 

ʫʜʝʨʞʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʥʫʪʨʝʥʥʠʭ ʩʪʘʥʜʘʨʪʦʚ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 1 ʠʣʠ ʥʘ 1-2 
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ʩʢʘʥʘ) ʠʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʠ ʛʨʘʜʫʠʨʦʚʢʝ ʥʝ 

ʙʦʣʝʝ, ʯʝʤ ʥʘ 0,01 %; 

¶ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʢʘʢ ʥʘʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ (ʪʘʙʣʠʮʘ 9) ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 10%; 

¶ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʠʢʦʚ ʚʥʫʪʨʝʥʥʠʭ ʩʪʘʥʜʘʨʪʦʚ 13ʉ12-1,2,3,4,7,8-

ɻʢʍɼʌ ʠ 13ʉ12-1,2,3,6,7,8-ɻʢʍɼʌ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 75 %; 

¶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʘʤ  1,2,3,4-13C12-

ʊʍɼɼ ʠ 1,2,3,7,8,9-13C12-ɻʢʍɼɼ, ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 60-120 %. 

¶ ʚ ʭʦʣʦʩʪʦʤ ʦʧʳʪʝ ʧʣʦʱʘʜʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʥʘ ʤʝʩʪʝ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʩʠʛʥʘʣ/ʰʫʤ < 3, ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 1 % 

ʦʪ ʧʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

2.5. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ R ʚ ʩʨʝʜʝ RStudio (R Core Team, 2018). ɹʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ, ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʘʥʘ ʠ ʦʮʝʥʝʥʘ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʝʡ ʠ 

ʧʨʦʬʠʣʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʫʯʘʩʪʢʦʚ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʨʘʩʧʳʣʝʥʠʶ 

ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ, ʫʯʘʩʪʢʦʚ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʨʘʩʧʳʣʝʥʠʶ 

ʆʨʘʥʞʝʚʦʛʦ ɸʛʝʥʪʘ ʠ ʫʯʘʩʪʢʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʜʥʦʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (One-way ANOVA) ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʦʡ ʨʘʟʥʦʩʪʠ ʊʴʶʢʠ (Tukey Honestly 

Significant difference (HSD) test). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʘʫʪʣʘʝʨʦʚ (ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ ʠ ʦʙʨʘʟʮʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʥʛʝʥʝʨʦʚ ʙʳʣʦ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ). ʇʦʩʢʦʣʴʢʫ 

ʠʤʝʶʱʠʡʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʣ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʠʟ ʫʯʘʩʪʢʦʚ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ, ʢ ʥʝʤʫ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ Hoang et al. (Hoang et al., 

2014): ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ 2 ʦʙʨʘʟʮʘʭ ʢʫʨʠʥʳʭ ʷʠʮ ʠʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ ʫʯʘʩʪʢʦʚ ʠ 2 

ʬʦʥʦʚʳʭ ʦʙʨʘʟʮʦʚ. ʀʪʦʛʦʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍɼɼ/ʌ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ 

ʩʦʜʝʨʞʘʣ 33 ʦʙʨʘʟʮʘ, ʚ ʧʦʯʚʘʭ ï 31 ʦʙʨʘʟʝʮ. ɼʘʥʥʳʝ ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ ʩʫʤʤʘʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʝʣʘʝʪ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʟʘʢʨʳʪʳʤ ʠ ʚʥʦʩʠʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʤʝʞʜʫ ʢʦʨʨʝʣʷʮʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ çʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ 
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ʦʪʥʦʰʝʥʠʝʤè (log-ratio), ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ (Aitchison, 1986; Bonn, 1998; Ross et al., 

2004; Liu et al., 2010; Greenacre, 2018). ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʜʠʦʢʩʠʥʘʤʠ 7 ʭʦʟʷʡʩʪʚ ʠʟ ʧʨʦʚʠʥʮʠʠ ʂʫʘʥʛʯʠ ʠ ʂʫʘʥʛʙʠʥʴ ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʠ ʩʫʤʤʘʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʧʦ 

ʩʪʝʧʝʥʷʤ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʢ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ, ʚʢʣʶʯʘʷ 

ʥʝʪʦʢʩʠʯʥʳʝ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ (ʇʄʌ) ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ EPA PMF 5.0 ʚ ʨʦʙʘʩʪʥʦʤ ʨʝʞʠʤʝ. ʂ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʇʍʍɼ/ʌ ʚ ʷʡʮʘʭ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʜʘʥʥʳʝ 3ʭ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʀʇʕʕ ʈɸʅ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ ʚ 2007, 2008 ʠ 2010 ʛʛ.  

(ʊʨʦʧʮʝʥʪʨ, 2013), ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ 6 ʧʨʦʙ ʢʫʨʠʥʳʭ ʷʠʮ (2 ʬʦʥʦʚʳʝ ʧʨʦʙʳ, 2 ʧʨʦʙʳ ʠʟ ʫʯʘʩʪʢʦʚ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ɸʆ, ʠ 2 ʧʨʦʙʳ ʠʟ ʭʦʟʷʡʩʪʚ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ), ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʩʪʘʪʴʝ 

(Hoang et al., 2014). ʀʪʦʛʦʚʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʩʦʩʪʦʷʣ ʠʟ 34 ʦʙʨʘʟʮʦʚ.  

ʂ ʠʤʝʶʱʝʤʫʩʷ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ 8 

ʧʨʦʙ ʧʦʯʚ ʠʟ ʛ. ɹʴʝʥʭʦʘ ʠ 2 ʧʨʦʙʳ ʧʦʯʚʳ ʚʙʣʠʟʠ ʘʚʠʘʙʘʟʳ ɼʘʥʘʥʛ (ʊʨʦʧʮʝʥʪʨ, 2005, 2008). 

ʀʪʦʛʦʚʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʩʦʩʪʦʷʣ ʠʟ 35 ʦʙʨʘʟʮʦʚ. 

ʆʙʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-

ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ. ɿʥʘʯʝʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʙʳʣʦ ʧʨʠʥʷʪʦ 25 %. ʇʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ 

1,2,3,7,8,9-ɻʢʍɼʌ ʙʳʣʦ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ, ʦʥ 

ʙʳʣ ʧʨʠʥʷʪ ʢʘʢ «ʩʣʘʙʳʡ». ʆʍɼɼ ʙʳʣ ʠʩʢʣʶʯʝʥ ʠʟ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠʤʝʣ ʦʯʝʥʴ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʚ ʤʦʜʝʣʠ. ɽʱʝ ʦʜʥʦʡ 

ʧʨʠʯʠʥʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʆʍɼɼ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʘʨʪʝʬʘʢʪʥʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʬʘʢʪʦʨʦʚ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʚʢʣʘʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʢʦʥʛʝʥʝʨʘʤʠ (Barabás, Adriaens, Goovaerts, 2004; Uchimiya, Arai, Masunaga, 2007). ʇʦʩʣʝ ʘʥʘʣʠʟʘ 

ʦʩʪʘʪʢʦʚ ʚ ʧʝʨʚʠʯʥʦʤ ʧʨʦʛʦʥʝ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʦʙʨʘʟʮʳ ʩ ʙʦʣʴʰʠʤʠ ʦʩʪʘʪʢʘʤʠ ʜʣʷ 1,2,3,7,8,9-

ɻʢʍɼɼ (2 ʦʙʨʘʟʮʘ ʜʣʷ ʷʠʮ ʠ 2 ʦʙʨʘʟʮʘ ʜʣʷ ʧʦʯʚ). 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ ʠ ʠʭ ʚʢʣʘʜʦʚ, ʬʘʢʪʦʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʇʄʌ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ, ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ, ʢʘʢ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ Assefa ʠ ʜʨ. (Assefa et al., 2019). 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʬʠʣʴ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ 

ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʯʠʪʘʝʪʩʷ ʧʦʯʚʘ (Chang et al., 1989), ʚ ʭʦʟʷʡʩʪʚʘʭ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ 

ʢʫʨʠʥʳʭ ʷʠʮ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʫʯʘʩʪʢʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦʩʪʫʧʥʳʭ ʢʫʨʘʤ ʜʣʷ ʦʩʚʦʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 17-ʪʠ 

2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʇʨʠʣʦʞʝʥʠʷ. 

ʆʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʯʚ ʚ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ɺʴʝʪʥʘʤʘ ʩʦʩʪʘʚʠʣ ʦʪ 0,1 ʜʦ 

1272 ʧʛ WHO-TEQ2005 / ʛ (ʨʠʩʫʥʦʢ 6). ɺ ʪʘʙʣʠʮʝ 10 ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʠ ʇʍɼɼ/ʌ ʚ 

ʧʦʯʚʘʭ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ʠ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

 

ʈʠʩʫʥʦʢ 6. ʆʙ ʠɦʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚ ʚ ʯʘʩʪʥʳʭ 

ʭʦʟʷʡʩʪʚʘʭ ɺʴʝʪʥʘʤʘ. ʋʯʘʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʦʪʜʝʣʷʝʪ 

ʶʞʥʳʝ ʫʯʘʩʪʢʠ ʦʪ ʩʝʚʝʨʥʳʭ (ʧʦ 17-ʡ ʧʘʨʘʣʣʝʣʠ).  
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ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ (1272 ʧʛ WHO-TEQ2005/ʛ) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʭʦʟʷʡʩʪʚʝ ʚʙʣʠʟʠ 

ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ ʚ ʨʘʡʦʥʝ ɹʳʫʣʦʥʛ (ʢ ʟʘʧʘʜʫ ʦʪ ʘʵʨʦʜʨʦʤʘ). ɺʢʣʘʜ 2,3,7,8-ʊʍɼɼ ʚ 

ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʵʪʦʤ ʦʙʨʘʟʮʝ ʜʦʩʪʠʛʘʣ 92 %. ʇʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʙʳʣʠ ʆʍɼɼ (42 %), 2,3,7,8-ʊʍɼɼ (25 %) ʠ 1,2,3,4,6,7,8-ɻʧʍɼɼ 

(21 %). ɺ ʭʦʟʷʡʩʪʚʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʘʵʨʦʜʨʦʤʘ (ʨʘʡʦʥ ʊʘʥʬʦʥʛ) ʦʙʱʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 8,1 ʧʛ WHO-TEQ2005/ʛ, ʚʢʣʘʜ 2,3,7,8-ʊʍɼɼ ʚ ʦʙʱʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ï 58 %, ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʘʙʩʦʣʶʪʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʆʍɼɼ (94 %) ʠ 1,2,3,4,6,7,8-ɻʧʍɼɼ (5,1 %). ɺ ʨʘʡʦʥʝ ʍʦʘʘʥ ʛ. ɹʴʝʥʭʦʘ (ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʦʪ ʘʵʨʦʜʨʦʤʘ ʙʝʨʝʛʫ ʨ. ɼʦʥʛʥʘʡ) ʠ ʫʨʦʚʝʥʴ ʠ ʧʨʦʬʠʣʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ: ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣ 2,0 ʧʛ WHO-TEQ2005/ʛ., ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʪʦʢʩʠʯʥʦʩʪʴ ʚʥʦʩʠʣʠ 1,2,3,4,6,7,8-ɻʧʍɼɼ 

(20 %), 1,2,3,7,8,9-ɻʢʍɼɼ (14 %), 1,2,3,7,8-ʇʝʍɼɼ (14 %) ʠ ʆʍɼɼ (13 %). ɺʢʣʘʜ 2,3,7,8-ʊʍɼɼ 

ʩʦʩʪʘʚʠʣ 10 % (ʨʠʩʫʥʦʢ 7). 
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ʈʠʩʫʥʦʢ 7. ʇʨʦʬʠʣʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʠʟ ʭʦʟʷʡʩʪʚ ʚ ʛ. ɹʴʝʥʭʦʘ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ (ʚʚʝʨʭʫ) ʠ ʥʘ ʩʫʤʤʘʨʥʫʶ ʘʙʩʦʣʶʪʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ (ʚʥʠʟʫ). 

ɺ ʦʩʪʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣ ʦʪ 0,1 ʜʦ 4,7 ʧʛ WHO-

TEQ2005/ʛ., ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʨʦʚʥʷʤʠ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ ʢʘʢ 

ʐʚʝʡʮʘʨʠʷ, ɸʚʩʪʨʘʣʠʷ, ʈʦʩʩʠʷ (ʪʘʙʣʠʮʘ 10). ʇʨʠ ʵʪʦʤ ʚ ʭʦʟʷʡʩʪʚʘʭ ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ɺʴʝʪʥʘʤʘ ʦʥ ʥʝ ʧʨʝʚʳʰʘʣ 1 ʧʛ WHO-TEQ2005/ʛ.  
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ʊʘʙʣʠʮʘ 10. ʉʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ʠ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ (ʧʛ WHO-TEQ2005/ʛ; * - ʧʛ WHO-TEQ1998/ʛ; ** - ʧʛ I-TEQ/ʛ) 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʉʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʠʩʪʦʯʥʠʢ ʇʍɼɼ/ʌ 

ʉʩʳʣʢʘ 

ʈʘʡʥʬʝʣʴʜʝʥ, 

ɻʝʨʤʘʥʠʷ 
377-2168** 

ʦʪʭʦʜ rʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʍʌ ʠ ʭʣʦʨ-ʱʝʣʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

(Malisch et al., 

1996) 

ʅʴʶʢʘʩʣ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 
7-272** ʟʦʣʘ ʄʉɿ  

(Pless-Mulloli et 

al., 2001) 

ʄʘʥʩʠ, ʌʨʘʥʮʠʷ 3,26-59* ʄʉɿ (Pirard et al., 2004) 

ʆʨʦʚʠʣʣ, ʉʐɸ 1,5-46**  

ʇʨʝʜʧʨʠʷʪʠʝ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʜʨʝʚʝʩʠʥʳ ʇʍʌ, 

ʩʞʠʛʘʪʝʣʠ ʦʪʭʦʜʦʚ ʇʍʌ 

(Harnly et al., 2000) 

ʉʪʦʢʪʦʥ, ʉʐɸ 1,9-16**  
ʇʨʝʜʧʨʠʷʪʠʝ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʜʨʝʚʝʩʠʥʳ ʇʍʌ 
(Harnly et al., 2000) 

ɸʥʛʣʠʷ 
0,2-327 

(ʤʝʜʠʘʥʘ ï 5,98) 
- 

(Environment 

Agency, 2007) 

ɹʝʣʴʛʠʷ 
1,87-10,45 

(ʤʝʜʠʘʥʘ 3,01) 
- 

(Van Overmeire et 

al., 2009) 

ɸʚʩʪʨʘʣʠʷ 

(ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ) 

0,12-11 

(ʤʝʜʠʘʥʘ ï 1,6)* 
 (Müller et al., 2004) 

ɸʚʩʪʨʘʣʠʷ (ʧʦʯʚʳ 

ʩ/ʭ ʥʘʟʥʘʯʝʥʠʷ) 

0,027-4,2 

(ʤʝʜʠʘʥʘ ï 0,2)* 
- (Müller et al., 2004) 

ʐʚʝʡʮʘʨʠʷ 1,1-2,4** - 
(Schmid et al., 

2005) 

ʈʝʩʧʫʙʣʠʢʘ ʏʝʯʥʷ, 

ʈʦʩʩʠʷ 

0,07-2,21 

(ʤʝʜʠʘʥʘ ï 0,55) 
- 

(Amirova and 

Shahtamirov, 2010) 

ʊʘʡʚʘʥʴ 0,502 0,624 - 
(Hsu, Chen, Liao, 

2010) 

ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʊʴʶʢʠ (One-way ANOVA and Tukey Honestly Significant 

difference (HSD)) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʯʚ ʠʟ ʭʦʟʷʡʩʪʚ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ɺʴʝʪʥʘʤʘ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʨʘʩʧʳʣʝʥʠʶ ʆɸ, ʟʥʘʯʠʤʦ ʧʨʝʚʳʰʘʝʪ (p<0,05) ʘʥʘʣʦʛʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʘʢ ʚ ʭʦʟʷʡʩʪʚʘʭ ʠʟ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʨʘʩʧʳʣʝʥʠʶ ʆɸ, ʪʘʢ ʠ 

ʚ ʭʦʟʷʡʩʪʚʘʭ ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ (Kudryavtseva et. al, 2019; 2020) ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 
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ʩʦʩʪʘʚʠʣʠ 4,1, 1,3 ʠ 0,44 ʧʛ WHO-TEQ2005/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 8). ʆʪʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʚ ʶʞʥʳʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʠ ʩʝʚʝʨʥʳʭ ʫʯʘʩʪʢʘʭ ʥʝ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳ. ʉʫʤʤʘʨʥʘʷ ʘʙʩʦʣʶʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʧʨʠ ʵʪʦʤ ʥʝ ʦʪʣʠʯʘʣʘʩʴ 

ʟʥʘʯʠʤʦ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 8). 

ʈʠʩʫʥʦʢ 8. ɼʠʘʛʨʘʤʤʳ ʨʘʟʤʘʭʘ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʚ 

ʧʦʯʚʘʭ ʠʟ ʩʝʚʝʨʥʳʭ, ʶʞʥʳʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ ʫʯʘʩʪʢʦʚ ʠ ʶʞʥʳʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ 

ʫʯʘʩʪʢʦʚ. 

ʀʟ-ʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʆʍɼɼ ʚ ʧʨʦʬʠʣʝ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʙ ʧʦʯʚ 

(ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʩʫʤʤʘʨʥʫʶ ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ), ʤʘʩʢʠʨʫʶʱʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʚʢʣʘʜʳ ʜʨʫʛʠʭ ʢʦʥʛʝʥʝʨʦʚ, ʚʠʟʫʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʣʥʳʭ ʧʨʦʬʠʣʝʡ ʟʘʪʨʫʜʥʝʥʦ. ɼʣʷ 

ʧʝʨʚʠʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʬʠʣʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʇʍɼʌ/ʇʍɼɼ ʢʘʢ ʤʘʨʢʝʨʘ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʢʣʘʜʘ 

ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʥʘ ʣʝʧʝʩʪʢʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 9). ʆʪʥʦʰʝʥʠʝ ʇʍɼʌ/ʇʍɼɼ ʚʦ 

ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʦʜʥʘʢʦ ʚʳʜʝʣʷʶʪʩʷ ʦʙʨʘʟʮʳ, ʚ ʢʦʪʦʨʳʭ ʦʥʦ ʧʦʚʳʰʝʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʣʴʥʳʭ. ʊʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʚʢʣʘʜʦʤ 

1,2,3,7,8,9-ɻʢʍɼɼ. ɺʢʣʘʜ ʆʍɼɼ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 65 ʜʦ 95 %.  
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ʈʠʩʫʥʦʢ 9. ɺʢʣʘʜ ʆʍɼɼ, 1,2,3,7,8,9-ɻʢʍɼɼ ʠ 1,2,3,4,7,8-ɻʢʍɼʌ ʚ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʇʍɼʌ/ʇʍɼɼ ʚ ʧʦʯʚʘʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʛʨʷʟʥʝʥʠʝ ʜʠʦʢʩʠʥʘʤʠ ʧʦʯʚ ʙʦʣʴʰʠʥʩʪʚʘ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ɺʴʝʪʥʘʤʘ, 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʇʨʠ ʵʪʦʤ ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʨʘʩʧʳʣʝʥʠʶ ʆɸ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ, ʯʝʤ ʥʘ ʩʝʚʝʨʝ ɺʴʝʪʥʘʤʘ . ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʧʦʯʚʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ 

ʦʪʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʤʝʥʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ, ʢʘʢ ʚ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʪʘʢ ʠ ʚ ɻʢʚʠʚʘʣʝʥʪʘʭ ʪʦʢʩʠʯʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ. 

3.2. ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʬʠʣʴ ʇʍɼɼ/ʌ ʚ ʟʦʣʝ 

ʉʞʠʛʘʥʠʝ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ ʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ ɺʴʝʪʥʘʤʘ. 

ʆʩʪʘʚʰʘʷʩʷ ʥʘ ʫʯʘʩʪʢʝ ʟʦʣʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʟʥʘʯʠʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʇʍɼɼ/ʌ ʜʣʷ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ.  

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʙʳ ʟʦʣʳ ʠʟ ʜʚʫʭ ʭʦʟʷʡʩʪʚ ʚ ʧʨʦʚʠʥʮʠʠ ɼʦʥʛʥʘʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ 17-ʪʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʇʨʠʣʦʞʝʥʠʷ. ɺ ʦʙʦʠʭ 

ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʇʍɼɼ/ʌ ï 9,8 ʧʛ WHO-TEQ2005/ʛ ʚ ʭʦʟʷʡʩʪʚʝ ʚ 

ʦʢʨʫʛʝ ʊʘʥʬʦʥʛ ʛ. ɹʴʝʥʭʦʘ ʠ 15,3 ʧʛ WHO-TEQ2005/ʛ ʚ ʭʦʟʷʡʩʪʚʝ ʚ ʦʢʨʫʛʝ ʍʦʘʘʥ ʛ. ɹʴʝʥʭʦʘ. 

ʇʨʦʬʠʣʠ ʢʦʥʛʝʥʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. ɺ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʚʢʣʘʜ ʬʫʨʘʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʬʠʣʷʤʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ. ʊʘʢ, ʚ ʟʦʣʝ ʚʢʣʘʜ ʬʫʨʘʥʦʚ ʚ 

ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣ 63 % ʠ 82 %, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʯʚʘʭ ʚ ʩʨʝʜʥʝʤ ʬʫʨʘʥʳ ʦʙʫʩʣʘʚʣʠʚʘʣʠ 34 % 

ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ (Kudryavtseva et al., 2020). 

ʇʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʨʘʟʮʝ ʠʟ ʨʘʡʦʥʘ ʊʘʥʬʦʥʛ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʙʳʣʠ 1,2,3,4,6,7,8-ɻʧʍɼʌ (32 %), ʆʍɼɼ (16 %) ʠ 2,3,4,6,7,8-

ɻʢʍɼʌ (15 %). ɺ ʦʙʨʘʟʮʝ ʠʟ ʨʘʡʦʥʘ ʍʦʘʘʥ ï ʆʍɼɼ (65 %), 1,2,3,4,6,7,8-ɻʧʍɼʌ (8 %) and 

ɻʧʍɼɼ (7 %).  

ʆʙʥʘʨʫʞʝʥʥʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ ʚ ʟʦʣʝ ʠʟ ʢʦʩʪʨʠʱ ʥʘ ʫʯʘʩʪʢʘʭ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʝʡ ʚ ʷʡʮʘʭ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚ ʧʨʦʬʠʣʝ ʚʢʣʘʜʘ 

ʬʫʨʘʥʦʚ ʚ ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʢʫʨʠʮʳ. 
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ʈʠʩʫʥʦʢ 10. ʇʨʦʬʠʣʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ʟʦʣʝ ʠʟ ʜʚʫʭ ʭʦʟʷʡʩʪʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ (ʚʚʝʨʭʫ) ʠ ʥʘ ʩʫʤʤʘʨʥʫʶ ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʚʥʠʟʫ). 
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3.3. ɿʘʛʨʷʟʥʝʥʠʝ ʇʍɼɼ/ʌ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ 

3.3.1. ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʬʠʣʴ ʇʍɼɼ/ʌ 

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʜʠʦʢʩʠʥʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ 

ʧʨʦʠʟʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 17-ʪʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʟ 46 ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ʚ 22 ʧʨʦʚʠʥʮʠʷʭ/ʛʦʨʦʜʘʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʯʠʥʝʥʠʷ 

ɺʴʝʪʥʘʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʇʨʠʣʦʞʝʥʠʷ. 

ʆʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʩʦʩʪʘʚʣʷʣ ʦʪ 

0,4 ʜʦ 361 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ (ʨʠʩʫʥʦʢ 11). ʅʠ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ɺʴʝʪʥʘʤʘ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣ ʇɼʂ ɽʉ ʜʣʷ ʢʫʨʠʥʳʭ ʷʠʮ - 2,5 ʧʛ WHO-

TEQ2005/ʛ ʣʠʧʠʜʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʭʦʟʷʡʩʪʚ ʶʞʥʦʡ ʯʘʩʪʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʧʨʝʚʳʰʝʥʦ (ʂʫʜʨʷʚʮʝʚʘ ʠ ʜʨ., 2014; Kudryavtseva et al., 2019; 2020).  

 

ʈʠʩʫʥʦʢ 11. ʆʙ ʠɦʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ. ʋʯʘʩʪʢʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʦʪʜʝʣʷʝʪ ʶʞʥʳʝ ʫʯʘʩʪʢʠ ʦʪ ʩʝʚʝʨʥʳʭ (ʧʦ 17-

ʡ ʧʘʨʘʣʣʝʣʠ). ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʚ 2,5 ʧʛ WHO-TEQ2005/ ʛ 

ʣʠʧʠʜʦʚ, ʧʨʠʥʷʪʳʡ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʝʡ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʫʨʦʚʥʷʤʠ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʚ 

ʪʘʙʣʠʮʝ 11 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. 

ʊʘʙʣʠʮʘ 11. ʉʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ (ʧʛ WHO-

TEQ2005/ʛ ʣʠʧʠʜʦʚ; * - ʧʛ WHO-TEQ1998/ʛ ʣʠʧʠʜʦʚ; ** - ʧʛ I-TEQ/ʛ ʣʠʧʠʜʦʚ) 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 
ʉʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʇʍɼɼ/ʌ 
ʉʩʳʣʢʘ 

ɸʛʙʦʙʣʦʰʠ, ɻʘʥʘ 661 

ʇʝʨʝʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʣʦʤʘ 

ʦʪʢʨʳʪʳʤ ʩʞʠʛʘʥʠʝʤ 

(Petrlik, Sam, et 

al., 2019) 

ʈʘʡʥʬʝʣʴʜʝʥ, 

ɻʝʨʤʘʥʠʷ 
514 ʍʣʦʨ-ʱʝʣʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(Malisch et al., 

1996) 

ʍʝʣʴʚʘʥ, ɽʛʠʧʝʪ 126 
ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

(DiGangi, 

Petrlík, 2005) 

ʉʘʤʫʪʩʘʢʭʦʥ, 

ʊʘʡʣʘʥʜ 
84 

ʇʝʨʝʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʣʦʤʘ ʦʪʢʨʳʪʳʤ ʩʞʠʛʘʥʠʝʤ 
(Petrlik, 2017) 

ʄʘʥʩʠ, ʌʨʘʥʮʠʷ 5,1-122* ʄʉɿ 
(Pirard et al., 

2004) 

ʂʦʚʘʯʝʚʦ, ɹʦʣʛʘʨʠʷ 65 ʋʛʦʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 
(DiGangi, 

Petrlík, 2005) 

ʅʴʶʢʘʩʣ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 
0,4-56**  ɿʦʣʳ ʄʉɿ  

(Pless-Mulloli et 

al., 2001) 

ʈʦʩʩʠʷ, ʀʛʫʤʥʦʚʦ 

(ɼʟʝʨʞʠʥʩʢ) 
45 ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

(DiGangi, 

Petrlík, 2005) 

ʇʴʝʤʦʥʪ, ʀʪʘʣʠʷ 10-38 ɸʣʶʤʠʥʠʝʚʳʡ ʟʘʚʦʜ 
(Squadrone et al., 

2015) 

ʄʙʝʫʙʝʫʩ, ʉʝʥʝʛʘʣ 35 
ʉʚʘʣʢʘ ʙʳʪʦʚʳʭ ʠ ʦʧʘʩʥʳʭ 

ʦʪʭʦʜʦʚ 

(DiGangi, 

Petrlík, 2005) 

ʇʦʣʴʰʘ 29 
ɼʨʝʚʝʩʠʥʘ, ʦʙʨʘʙʦʪʘʥʥʘʷ 

ʇʍʌ 

(Piskorska-

Pliszczynska et 

al., 2016) 

ʅʘʡʨʦʙʠ, ʂʝʥʠʷ 23 ʆʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ ʥʘ ʩʚʘʣʢʝ 
(DiGangi, 

Petrlík, 2005) 

ʂʨʠʚʦʡ ʈʦʛ, ʋʢʨʘʠʥʘ 23 ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ 
(Petrlik et al., 

2018) 

ɼʘʥʜʦʨʘ, ʂʝʥʠʷ 23 ʉʚʘʣʢʘ 
(DiGangi, 

Petrlík, 2005) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 11. 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 
ʉʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʇʍɼɼ/ʌ 
ʉʩʳʣʢʘ 

ʂʦʘʮʘʢʦʘʣʴʢʦʩ, 

ʄʝʢʩʠʢʘ 
22 ʇʨʦʠʟʚʦʜʩʪʚʦ ʇɺʍ, ʄʉɿ 

(DiGangi, 

Petrlík, 2005) 

ʃʘʢʭʥʘʫ, ʀʥʜʠʷ 20 ʄʉɿ (ʤʝʜʠʮʠʥʩʢʠʝ ʦʪʭʦʜʳ) 
(DiGangi, 

Petrlík, 2005) 

ɹʝʣʴʛʠʷ 
0,79-20 

(ʤʝʜʠʘʥʘ -5,3) 
- 

(Van Overmeire 

et al., 2009) 

ʄʝʥʝʥ, ɹʝʣʴʛʠʷ 
3,84-9,19 (5,57 

ʤʝʜʠʘʥʘ) 

ʄʉɿ, 

ʤʝʪʘʣʣʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ 

ʟʘʚʦʜ 

(Colles et al., 

2021) 

ʇʠʪʘʨʥʝ, ʏʝʭʠʷ 1,6-15,4 ʇʝʨʝʨʘʙʦʪʢʘ ʇɺʍ 

(Petrlik, 

Arkenbout, et al., 

2019) 

ʕʣʫʨ, ʀʥʜʠʷ 14 ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʝʩʪʠʮʠʜʦʚ 
(DiGangi, 

Petrlík, 2005) 

ɻʦʨʙʘʪʦʚʢʘ, ʈʦʩʩʠʷ 

(ɼʟʝʨʞʠʥʩʢ)  
13 

ʄʉɿ ʠ ʩʚʘʣʢʘ (ʦʧʘʩʥʳʝ 

ʦʪʭʦʜʳ), ʩʤʝʩʠ ʇʍɹ 

(DiGangi, 

Petrlík, 2005) 

ʂʦʢʰʦʚ-ɹʘʢʰʘ, 

ʉʣʦʚʘʢʠʷ 
12 ʄʉɿ 

(DiGangi, 

Petrlík, 2005) 

 

ʉʘʨʘʙʫʨʠ, ʊʘʡʣʘʥʜ 12 ʎʝʤʝʥʪʦʦʙʞʠʛʘʪʝʣʴʥʳʝ ʧʝʯʠ (Petrlik, 2017) 

ʋʭʘʥʴ, ʂʠʪʘʡ 8,6-12 ʄʉɿ 
(Petrlik, 2015) 

 

ʆʙʨʝʥʦʚʘʮ, ʉʝʨʙʠʷ 3,3 11,1 ʋʛʦʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 

(Petrlik, 

Arkenbout, et al., 

2019) 

ɹʘʣʭʘʰ, ʂʘʟʘʭʩʪʘʥ 4,3-9.8 
ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ 

ʢʦʤʙʠʥʘʪ 

(Petrlik et al., 

2016) 

ʐʘʙʘʥʙʘʡ ʙʠ, 

ʂʘʟʘʭʩʪʘʥ 
4,9-9,3 - 

(Petrlik et al., 

2016) 

 

ɸʣʘʚʝʨʜʠ, ɸʨʤʝʥʠʷ 4,5 7,5 
ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

(Petrlik, 

Arkenbout, et al., 

2019) 

 

ʄʦʩʚʠʣʣʴ, ʉʐɸ 5,7-6,0 
ʇʨʦʠʟʚʦʜʩʪʚʦ ʇɺʍ, ʫʛʦʣʴʥʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 

(DiGangi, 

Petrlík, 2005) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 11. 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 
ʉʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʇʍɼɼ/ʌ 
ʉʩʳʣʢʘ 

ʕʢʠʙʘʩʪʫʟ, ʂʘʟʘʭʩʪʘʥ 1,6-5,7 

ɿʘʙʨʦʰʝʥʥʘʷ 

ʵʣʝʢʪʨʦʧʦʜʩʪʘʥʮʠʷ (ʩʤʝʩʠ 

ʇʍɹ) 

(Petrlik et al., 

2016) 

 

ɿʝʥʠʮʘ, ɹʦʩʥʠʷ ʠ 

ɻʝʨʮʝʛʦʚʠʥʘ 
1,9-5,6 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

(Petrlik, 

Arkenbout, et al., 

2019) 

ʃʭʝʥʠʮʝ, ʏʝʭʠʷ 0,55-5,3 
ʉʤʝʩʠ ʇʍɹ ʠ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ 

(Petrlik, 

Arkenbout, et al., 

2019) 

ʊʘʡʚʘʥʴ 0,47-4,3 - 

(Hsu, Chen, 

Liao, 2010) 

 

ʊʭʘʪʫʤ, ʊʘʡʣʘʥʜ 4,1 

ʎʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʫʛʦʣʴʥʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 

(Petrlik, 2017) 

ɹʦʣʴʰʦʡ ʊʨʦʩʪʝʥʝʮ, 

ɹʝʣʘʨʫʩʴ 
3,6-3,9 ʉʚʘʣʢʘ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 

(DiGangi, 

Petrlík, 2005) 

ʎʟʳʷʥ, ʂʠʪʘʡ   3,8 ʉʤʝʩʠ ʇʍɹ 
(Petrlik, 2015) 

 

ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 3,4 ʂʦʢʩʦʚʳʡ ʟʘʚʦʜ 
(Petrlik et al., 

2018) 

ʀʟʤʠʪ, ʊʫʨʮʠʷ 3,4 ʄʉɿ 
(DiGangi, 

Petrlík, 2005) 

ʃʠʢʝʥ, ʂʠʪʘʡ 3,2 ʄʉɿ (Petrlik, 2015) 

ɺʠʢʫʛʝ, ʊʘʥʟʘʥʠʷ 3,0 
ʉʚʘʣʢʘ ʚʳʰʝʜʰʠʭ ʠʟ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʝʩʪʠʮʠʜʦʚ 

(DiGangi, 

Petrlík, 2005) 

 

ʋʩʪʠ-ʥʘʜ-ʃʘʙʝʤ, 

ʏʝʭʠʷ 
2,1-2,9 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʄʉɿ 

(DiGangi, 

Petrlík, 2005) 

ʇʝʰʘʚʘʨ, ʇʘʢʠʩʪʘʥ 2,9 ʉʚʘʣʢʘ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 
(DiGangi, 

Petrlík, 2005) 

ʈʦʩʪʦʚʢʘ, ʂʘʟʘʭʩʪʘʥ 2,8 ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 
(Petrlik et al., 

2016) 

ʃʠʙʝʨʝʮ, ʏʝʭʠʷ 2,2-2,6 ʄʉɿ 
(DiGangi, 

Petrlík, 2005) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 11. 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 
ʉʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʇʍɼɼ/ʌ 
ʉʩʳʣʢʘ 

ʊʫʟʣʘ, ɹʦʩʥʠʷ ʠ 

ɻʝʨʮʝʛʦʚʠʥʘ 
2,51 

ʋʛʦʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʠ 

ʭʣʦʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

(Petrlik, 

Arkenbout, et al., 

2019) 

ʄʘʧʪʘʬʫʪ, ʊʘʡʣʘʥʜ 0,51-2,3 
ʍʣʦʨ-ʱʝʣʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʫʛʦʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 
(Petrlik, 2017) 

ʄʠʥʘʩ, ʋʨʫʛʚʘʡ 2,2 ʎʝʤʝʥʪʦʦʙʞʠʛʘʪʝʣʴʥʘʷ ʧʝʯʴ 
(DiGangi, 

Petrlík, 2005) 

ʏʢʘʣʦʚʦ, ʂʘʟʘʭʩʪʘʥ 1,8 ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 
(Petrlik et al., 

2016) 

ɸʛʫʘʜʦ, ʌʠʣʠʧʧʠʥʳ 1,2 ʄʉɿ (ʤʝʜʠʮʠʥʩʢʠʝ ʦʪʭʦʜʳ) 
(DiGangi, 

Petrlík, 2005) 

ʉʘʤʫʡ, ʊʘʡʣʘʥʜ 0,29-0,99 ɹʳʚʰʠʡ ʄʉɿ ʠ ʩʚʘʣʢʘ (Petrlik, 2017) 

ʀʨʣʘʥʜʠʷ 0,19-0,83 - 
(Tlustos et al., 

2004) 

ʎʝʥʪʨʘʣʴʥʘʷ ʂʘʥʘʜʘ 

0,06-0,491 

(ʤʝʜʠʘʥʘ-

0,207) 

- 
(Rawn et al., 

2012) 

ɺʦʩʪʦʯʥʘʷ ʂʘʥʘʜʘ 

0,086-0,842 

(ʤʝʜʠʘʥʘ-

0,154) 

- 
(Rawn et al., 

2012) 

ɿʘʧʘʜʥʘʷ ʂʘʥʘʜʘ 

0,138-10,6 

(ʤʝʜʠʘʥʘ-

0,345) 

- 
(Rawn et al., 

2012) 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣ ʦʪʤʝʯʝʥ ʚ ʦʜʥʦʤ ʠʟ 

ʭʦʟʷʡʩʪʚ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ (ʢ ʟʘʧʘʜʫ ʦʪ ʘʵʨʦʜʨʦʤʘ, ʚ ʦʢʨʫʛʝ ɹʳʫʣʦʥʛ), ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʟʜʝʩʴ ʩʦʩʪʘʚʠʣʦ 361 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ 

(ʤʠʥʠʤʘʣʴʥʦʝ ï 302, ʤʘʢʩʠʤʘʣʴʥʦʝ ï 490 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ). ʕʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ ʛʜʝ-ʣʠʙʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʫʨʦʚʥʝʡ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʧʦʩʣʝ 

661 ʧʛ WHO-TEQ/ʛ ʣʠʧʠʜʦʚ ʚʙʣʠʟʠ ʩʚʘʣʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ɸʛʙʦʛʙʣʦʰʠ ʚ ɻʘʥʝ (Petrlik, 

Sam, et al., 2019) ʠ 514 ʧʛ I- TEQ/ʛ ʣʠʧʠʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʧʦʣʠʛʦʥʘ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʍʌ ʠ ʭʣʦʨ-ʱʝʣʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʎʠʣʴʛʘʩʩʝè ʚ ʈʘʡʥʬʝʣʴʜʝʥʝ ʚ ɻʝʨʤʘʥʠʠ 

(Malisch et al., 1996). ɺ ʵʪʦʤ ʞʝ ʨʘʡʦʥʝ ʧʨʦʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʨʦʙ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ 

2007 ʠ 2010 ʛ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʭʦʟʷʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʩʷ ʦʪʙʦʨ ʚ 2007 ʠ 2010 ʛʛ. ʢ 
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2013 ʛ., ʧʝʨʝʩʪʘʣʦ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʚ 2013 ʛ ʦʪʙʦʨ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʜʨʫʛʦʤ ʭʦʟʷʡʩʪʚʝ. ʉʦʜʝʨʞʘʥʠʝ 

ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʚ ʧʨʦʙʘʭ 2007 ʛ. ʠ 2010 ʛ. ʩʦʩʪʘʚʠʣʦ 39,3 ʠ 107,6 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʦʬʠʣʠ ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʡʦʥʘ ɹʳʫʣʦʥʛ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʪʠʧʠʯʥʳʡ ʧʨʦʬʠʣʴ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ «ʛʦʨʷʯʝʡ ʪʦʯʢʠ»: ʚʢʣʘʜʳ 2,3,7,8-ʊʍɼɼ ʠ 1,2,3,7,8-ʇʝʍɼɼ ʚ ʦʙʱʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʪ 65,9-92.9 % ʠ 3.9%-15 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 11), ʯʪʦ ʪʘʢʞʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʍʦʘʥʛ ʠ ʜʨ. (Hoang et al., 2014) (ʚʢʣʘʜ 2,3,7,8-ʊʍɼɼ ʩʦʩʪʘʚʣʷʣ 61-96 %). 

ɺʢʣʘʜʳ ʚ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 5 %. 

ɼʦʤʠʥʠʨʦʚʘʥʠʝ 2,3,7,8-ʊʍɼɼ ʚ ʧʨʦʬʠʣʝ ʥʘʨʷʜʫ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʪ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʚʳ ʆɸ (Schecter et al., 

2003; Minh et al., 2008; Hoang et al., 2014). 

ʇʨʦʙʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʘʢʞʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʘʵʨʦʜʨʦʤʘ ʚ ʦʢʨʫʛʝ 

ʊʘʥʬʦʥʛ, ʛʜʝ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺ ʷʡʮʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2013 ʛ. 

ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 9-14,5 (ʩʨʝʜʥʝʝ 11,1). ɺ ʧʨʦʙʝ ʠʟ ʜʨʫʛʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʵʪʦʛʦ ʞʝ ʨʘʡʦʥʘ (ʥʘ 150 ʤ ʩʝʚʝʨʥʝʝ), ʦʪʦʙʨʘʥʥʦʡ ʚ 2008 ʛ. ï 50,2 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ ʭʦʟʷʡʩʪʚʘʭ 

ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ ʩʦʩʪʘʚʠʣ 7,3ï29,7 ʧʛ TEQ/ʛ ʣʠʧʠʜʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Tuyet-

Hanh ʠ ʜʨ. (Tuyet-Hanh et al., 2015), 4,8-248 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʍʦʘʥʛ ʠ 

ʜʨ. (Hoang et al., 2014) ʠ 0,7-30 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄʠʥʴ ʠ ʜʨ. (Minh et 

al., 2019).  

ɺ ʧʨʦʬʠʣʷʭ ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʡʦʥʘ ʊʘʥʬʦʥʛ ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ 

ʪʦʢʩʠʯʥʦʩʪʠ ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʝʪ 2,3,7,8-ʊʍɼɼ. ɺ ʧʨʦʙʝ 2008 ʛ. ʝʛʦ ʚʢʣʘʜ ʩʦʩʪʘʚʣʷʣ 79,6 %, ʘ ʚ 

ʧʨʦʙʝ 2013 ʛ. ï 36,9%. ɼʨʫʛʠʤ ʜʦʤʠʥʠʨʫʶʱʠʤ ʢʦʥʛʝʥʝʨʦʤ ʷʚʣʷʝʪʩʷ 1,2,3,7,8-ʇʝʍɼɼ (13,5 % ʠ 

28 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩʫʥʦʢ 11). 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʚʢʣʘʜ 2,3,7,8-ʊʍɼɼ ʚ ʨʘʡʦʥʝ ɹʳʫʣʦʥʛ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʡʦʥʦʤ ʊʘʥʬʦʥʛ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʟʘʧʨʘʚʢʘ ʩʘʤʦʣʝʪʦʚ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ 

Ranch Hand, ʘ ʪʘʢʞʝ ʧʝʨʝʣʠʚʘʥʠʝ ʆɸ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ Pacer Ivy ʧʦ ʚʦʟʚʨʘʱʝʥʠʶ ʦʩʪʘʪʢʦʚ 

ʛʝʨʙʠʮʠʜʦʚ ʚ ʉʐɸ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʘʵʨʦʜʨʦʤʘ, ʢ ʢʦʪʦʨʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʠʤʳʢʘʝʪ ʵʪʦʪ ʨʘʡʦʥ (Young, 2009). 

ʅʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʦʪ ʘʚʠʘʙʘʟʳ ʙʝʨʝʛʫ ʨʝʢʠ ʚ ʜʝʨʝʚʥʝ ʍʦʘʥ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠ ʚ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʭʦʟʷʡʩʪʚʝ ʚ 2010 ʠ 2013 ʛʛ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 6,42 ʠ 

7,43 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʛʦʨʷʯʝʡ ʪʦʯʢʝ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ɽʉ ʫʨʦʚʝʥʴ (ʂʫʜʨʷʚʮʝʚʘ ʠ ʜʨ., 2015; 

Kudryavtseva et al., 2020). ʊʘʢʞʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʨʘʟʮʦʚ ʠʟ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʟʜʝʩʴ ʫʞʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ 2,3,7,8-ʊʍɼɼ ʚ ʦʙʱʫʶ ʪʦʢʩʠʯʥʦʩʪʴ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ 
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ʢʦʥʛʝʥʝʨʘʤʠ ʷʚʣʷʶʪʩʷ 1,2,3,7,8-ʇʝʍɼɼ (46,5 % ʠ 35,6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 2,3,7,8-ʊʍɼɼ (20,7 % 

ʠ 15,6 %), 2,3,4,7,8-ʇʝʍɼʌ (11,5 % ʠ 17,4 %), 2,3,7,8-ʊʍɼʌ (4,9 % ʠ 5,7 %) ʠ 1,2,3,6,7,8-ɻʢʍɼɼ 

(4,5 % ʠ 5,5 %) (ʨʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11. ʇʨʦʬʠʣʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʟ ʭʦʟʷʡʩʪʚ 

ʚ ʛ. ɹʴʝʥʭʦʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ (ʚʚʝʨʭʫ) ʠ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʚʥʠʟʫ). 
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ɺr ʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʢʫʨʠʥʳʭ ʷʠʮ ʜʠʦʢʩʠʥʘʤʠ ʙʳʣ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʚ 

ʭʦʟʷʡʩʪʚʝ ʚ ʣʝʩʧʨʦʤʭʦʟʝ ʄʘʜʘ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ. ʉʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʦʙʨʘʟʮʝ 2010 ʛʦʜʘ 

ʩʦʩʪʘʚʠʣʦ 16,3 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʪʦʢʩʠʯʥʦʩʪʴ ʚʥʦʩʠʣʠ 

2,3,7,8-ʊʍɼɼ, 1,2,3,7,8-ʇʝʍɼɼ ʠ 2,3,4,7,8-ʇʝʍɼʌ (59 %, 21 % ʠ 6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʀʟ-ʟʘ 

ʪʘʢʦʛʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ ʜʦʤʠʥʠʨʦʚʘʥʠʷ 2,3,7,8-ʊʍɼɼ ʙʳʣʦ ʨʝʰʝʥʦ ʚ 2013 ʛʦʜʫ 

ʦʪʦʙʨʘʪʴ ʧʨʦʙʳ ʥʘ ʝʱʝ ʦʜʥʦʤ ʫʯʘʩʪʢʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʧʨʦʤʭʦʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 6,7 ʠ 4,0 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. ʇʨʦʬʠʣʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʥʘʨʫʞʝʥʥʦʤʫ ʚ 2010 ʛʦʜʫ. ʆʜʥʘʢʦ ʚ ʧʨʦʙʘʭ ʠʟ ʚʪʦʨʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʙʳʣ ʦʪʤʝʯʝʥ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʡ (ʦʢʦʣʦ 40 %) ʚʢʣʘʜ 2,3,7,8-ʊʍɼɼ. 

ʉʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʛ. ɺʠʥʴʘʥ ʨʘʡʦʥʘ ɺʠʥʴʢʳʫ ʩʦʩʪʘʚʠʣʦ 5.7-16.8 

(ʩʨʝʜʥʝʝ -10,5) ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. ɺ 2010 ʛʦʜʫ ï 8.0 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʭʦʟʷʡʩʪʚʝ, ʚ ʥʠʭ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʨʦʬʠʣʠ. ɺ 2010 ʛʦʜʫ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʪʦʢʩʠʯʥʦʩʪʴ ʚʥʦʩʠʣʠ 

2,3,7,8-ʊʍɼɼ, 1,2,3,7,8-ʇʝʍɼɼ ʠ 2,3,4,7,8-ʇʝʍɼʌ (45 %, 24 % ʠ 12.5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʦʛʜʘ 

ʢʘʢ ʚ 2013 ʛʦʜʫ ʚʢʣʘʜʳ ʵʪʠʭ ʢʦʥʛʝʥʝʨʦʚ ʩʦʩʪʘʚʠʣʠ 22 %, 31 % ʠ 9.5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚʢʣʘʜ r

1,2,3,6,7,8-ɻʢʍɼɼ ʠ 2,3,7,8-ʊʍɼʌ ï 17,5 % ʠ 4,8 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʜʝʨʝʚʥʠ ʊʘʥʴʙʠʥ ʨʘʡʦʥʘ ɺʠʥʴʢʳʫ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ 

ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ ʦʪ 3.3 ʜʦ 7.9 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ (ʩʨʝʜʥʝʝ ï 4,8). ɺ 2010 ʛʦʜʫ ʚ 

ʭʦʟʷʡʩʪʚʝ ʠʟ ʵʪʦʡ ʞʝ ʜʝʨʝʚʥʠ ï 6,0 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʍʦʘʥʛ ʠ ʜʨ. (Hoang et al., 2014), ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʢʫʨʠʥʳʭ ʷʠʮ ʠʟ ʨʘʡʦʥʘ 

ɺʠʥʴʢʳʫ ʩʦʩʪʘʚʠʣ 3.3-9.7 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʷʚʣʷʣʠʩʴ 

1,2,3,7,8-ʇʝʍɼɼ, 2,3,7,8-ʊʍɼɼ, 2,3,4,7,8-ʇʝʍɼʌ, 1,2,3,6,7,8-ɻʢʍɼɼ ʠ 2,3,7,8-ʊʍɼʌ ʩ 52%, 

19,1 % 8,4 %, 6,4 % ʠ 4,6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʨʘʟʮʝ 2010 ʛ. ʠ 47,5 % 17,0 %, 10,4 % 6,1 % ʠ 

4,9 % ʚ ʦʙʨʘʟʮʝ 2013. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʄʘʜʘ, ʪʦ ʟʜʝʩʴ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 

1,9 ʜʦ 4,6 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ ʚ 2013 ʛʦʜʫ, ʚ 2010 ʛʦʜʫ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʩʦʩʪʘʚʠʣʦ 

1.4 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʷʠʮ ʢʫʨ ʜʠʦʢʩʠʥʘʤʠ ʜʘʞʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ «ʛʦʨʷʯʝʡ ʪʦʯʢʠ», ʯʪʦ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʵʪʠʭ ʷʠʮ ʚ 

ʧʠʱʫ. ɿʥʘʯʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʝ ʜʦʧʫʩʪʠʤʳʡ ɽʉ ʫʨʦʚʝʥʴ, ʦʙʥʘʨʫʞʝʥʳ ʜʘʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʧʦʚʝʜʥʠʢʘ ɼʦʥʛʥʘʡ. ʉʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʙʣʠʟʠ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʟʘ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʧʨʦʚʠʥʮʠʡ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʠʦʢʩʠʥʦʚ (9 ʧʛ WHO-

TEQ2005/ʛ ʣʠʧʠʜʦʚ) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʛ. ʍʶ.ɻ ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 
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ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠʭʦʜʠʣʩʷ ʥʘ 1,2,3,7,8,9-ɻʢʍɼɼ (43 %), ʪʦʛʜʘ ʢʘʢ ʚʢʣʘʜ ʵʪʦʛʦ ʢʦʥʛʝʥʝʨʘ ʚ 

ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʜʨʫʛʠʭ ʦʙʨʘʟʮʘʭ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 2 %. ʇʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʘʙʩʦʣʶʪʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʚʢʣʘʜ ʩʦʩʪʘʚʠʣ 7,6 %, ʯʪʦ ʧʦʯʪʠ ʚʯʝʪʚʝʨʦ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʜʨʫʛʠʭ ʦʙʨʘʟʮʘʭ. ʅʝʪʠʧʠʯʥʦ ʚʳʩʦʢʠʡ ʚʢʣʘʜ ʜʘʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ (47 % ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʦʙʱʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 1,2 % ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ) ʪʘʢʞʝ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʧʦʯʚʝ ʠʟ ʵʪʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʝʛʦ ʩʨʝʜʥʠʡ ʚʢʣʘʜ (ʘʙʩʦʣʶʪʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ) ʧʦ ʚʩʝʤ ʦʙʨʘʟʮʘʤ ʩʦʩʪʘʚʣʷʝʪ 0,5 %) ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʭʦʜʩʪʚʦ 

ʧʨʦʬʠʣʝʡ ʚ ʷʡʮʘʭ ʠ ʧʦʯʚʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʣʦʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ.  

ʆʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʩʪʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʠʟ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ 

ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ ʦʪ 1,1 ʜʦ 5,7 ʧʛ WHO-TEQ2005/ʛ. ʉʦʧʦʩʪʘʚʠʤʳʝ ʫʨʦʚʥʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʂʘʟʘʭʩʪʘʥʝ (ʛ. ʕʢʠʙʘʩʪʫʟ), ɹʦʩʥʠʠ ʠ ɻʝʨʮʝʛʦʚʠʥʝ (ʛ. ɿʝʥʠʮʝ) ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ 

(ʪʘʙʣʠʮʘ 11). ɺ ʭʦʟʷʡʩʪʚʘʭ ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʫʨʦʚʥʠ ʇʍɼɼ/ʌ ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʝʥʠʷ 

ʦʪ 0,4 ʜʦ 2,5 ʧʛ WHO-TEQ2005/ʛ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʘʡʦʥʝ ʐʘʧʘ 

ʧʨʦʚʠʥʮʠʠ ʃʘʦʢʘʡ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʪʨʝʤ ʭʦʟʷʡʩʪʚʘʤ ʠʟ ʵʪʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʠʣʦ 

0,67 ʧʛ WHO­TEQ2005/ʛ ʣʠʧʠʜʦʚ (0,74 ʧʛ WHO­TEQ1998/ʛ ʣʠʧʠʜʦʚ), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʨʦʚʥʷʤʠ, 

ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʀʨʣʘʥʜʠʠ, ʂʘʥʘʜʳ, ʦ. ʉʘʤʫʡ (ʊʘʡʣʘʥʜ) (ʪʘʙʣʠʮʘ 11). 

ʋʯʠʪʳʚʘʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʭʦʟʷʡʩʪʚ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʚʜʘʣʠ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ 

ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʠʦʢʩʠʥʦʚ, ʜʘʥʥʳʝ ʫʨʦʚʥʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʬʦʥʦʚʳʝ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ IPEN (DiGangi, Petrlík, 2005) ʟʘʛʨʷʟʥʝʥʠʝ ʬʦʥʦʚʳʭ 

ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʠʣʦ ʦʪ 0,2 ʜʦ 1,2 ʧʛ WHO­TEQ1998/ʛ ʣʠʧʠʜʦʚ.  

ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʊʴʶʢʠ (One-way ANOVA and Tukey Honestly Significant 

difference (HSD)) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ (p<0,05) ʨʘʟʣʠʯʘʣʩʷ ʤʝʞʜʫ ʭʦʟʷʡʩʪʚʘʤʠ ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʠ 

ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʆɸ ʭʦʟʷʡʩʪʚʘʤʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ. ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 1,4, 3,3, ʠ 6,7 ʧʛ WHO-TEQ/ʛ ʣʠʧʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 12) 

(Kudryavtseva et al., 2019; 2020). ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɼɼ/ʌ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ 

ʦʪʣʠʯʘʣʘʩʴ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤʠ ʠ ʶʞʥʳʤʠ ʥʝ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʆɸ ʫʯʘʩʪʢʘʤʠ (p<0,05) ʠ ʤʝʞʜʫ 

ʩʝʚʝʨʥʳʤʠ ʠ ʶʞʥʳʤʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʆɸ (p<0,1). ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʶʞʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʥʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʚʝʨʥʳʤʠ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʢʘʢ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʥʦʩʘ ʦʪ ʩʞʠʛʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʬʦʣʠʘʥʪʘʤʠ.  
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ʈʠʩʫʥʦʢ 12. ɼʠʘʛʨʘʤʤʳ ʨʘʟʤʘʭʘ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ ʠ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ 

ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʟ ʩʝʚʝʨʥʳʭ, ʶʞʥʳʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ ʠ 

ʶʞʥʳʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ ʫʯʘʩʪʢʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʦʙʱʠʡ ʵʢʚʠʚʘʣʝʥʪ 

ʪʦʢʩʠʯʥʦʩʪʠ ʤʘʩʢʠʨʫʝʪ ʚʢʣʘʜʳ ʢʦʥʛʝʥʝʨʦʚ ʩ ʥʝʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʜʣʷ ʧʦʣʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʚʦʜʠʪʴ ʪʘʢʞʝ ʧʨʦʬʠʣʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ 

ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ. ɼʣʷ ʧʝʨʚʠʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ 

ʢʫʨʠʥʳʭ ʷʡʮʘʭ, ʥʘ ʣʝʧʝʩʪʢʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ ʙʳʣʠ ʦʪʦʙʨʘʞʝʥʳ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʇʍɼʌ/ʇʍɼɼ ʢʘʢ ʤʘʨʢʝʨʘ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚʢʣʘʜʳ ʆʍɼɼ, 1,2,3,7,8,9-ɻʢʍɼɼ ʠ 

1,2,3,4,7,8-ɻʢʍɼʌ ʚ ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʨʠʩʫʥʦʢ 13). ɺ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ ʚʢʣʘʜ ʆʍɼɼ ʩʦʩʪʘʚʣʷʣ 40-60 %, ʦʜʥʘʢʦ ʚ 

ʪʨʝʭ ʦʙʨʘʟʮʘʭ (V14-E10, V11-E3, V11-E4) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʦʚʳʰʝʥʥʳʡ ʚʢʣʘʜ ʆʍɼɼ ï ʚʳʰʝ 

80 %. ʋʯʠʪʳʚʘʷ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʝ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʍɼɼ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ (107, 

44, 50 ʧʛ/ʛ ʣʠʧʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʘ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʘʭ ʦʪʥʦʰʝʥʠʝ ʇʍɼʌ/ʇʍɼɼ ʚʳʰʝ 1, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚʢʣʘʜʘ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʘ 

ʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ.  

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʫʯʘʩʪʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʚʢʣʘʜʦʤ ʆʍɼɼ 

(ʚʳʰʝ 70 %) ʠ ʚʳʩʦʢʠʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʆʍɼɼ: ʧʨʦʙʳ V13-E5, V13-E7, V14-
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E21, V14-E15 (233, 97, 122 ʠ 363 ʧʛ/ʛ ʣʠʧʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩʫʥʦʢ 13). ʆʪʥʦʰʝʥʠʝ 

ʇʍɼʌ/ʇʍɼɼ ʧʨʝʚʳʩʠʣʦ 1 ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ: ʧʨʦʙʘ V14-E20 (ʌʫʤʠ, ʧʨʦʚʠʥʮʠʷ 

ɹʠʥʴʜʠʥʴ). ɺ ʵʪʦʤ ʞʝ ʭʦʟʷʡʩʪʚʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʚʢʣʘʜ 1,2,3,4,7,8-ɻʢʍɼʌ. 

ʀ ʚ ʩʝʚʝʨʥʦʡ, ʠ ʚ ʶʞʥʦʡ ʯʘʩʪʷʭ ɺʴʝʪʥʘʤʘ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʫʯʘʩʪʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʚʢʣʘʜʦʤ 1,2,3,7,8,9-ɻʢʍɼɼ: ʧʨʦʙʳ V14-E15 (ʨʘʡʦʥ ʌʦʥʛʜʴʝʥ, ʧʨʦʚʠʥʮʠʷ ʊʭʳʘʪʭʴʝʥ-ʍʶ)ɻ, V13-

E6 (ʣʝʩʧʨʦʤʭʦʟ ʄʘʜʘ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ) ʠ V11-E5 (ʜʝʨʝʚʥʷ ʊʘʚʘʥ, ʫʝʟʜ ʐʘʧʘ, ʧʨʦʚʠʥʮʠʷ 

ʃʘʦʢʘʡ). 

 

ʈʠʩʫʥʦʢ 13. ʆʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʇʍɼʌ/ʇʍɼɼ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʆʍɼɼ, 

1,2,3,7,8,9-ɻʢʍɼɼ ʠ 1,2,3,4,7,8-ɻʢʍɼʌ ʚ ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ 

ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ ʩʝʚʝʨʥʦʡ (ʘ) ʠ ʶʞʥʦʡ (ʙ) ʯʘʩʪʷʭ ɺʴʝʪʥʘʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʛʨʷʟʥʝʥʠʝ ʜʠʦʢʩʠʥʘʤʠ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ɺʴʝʪʥʘʤʘ ʥʠʞʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʯʝʤ ʚ ʶʞʥʦʡ. ʇʨʠ ʵʪʦʤ ʚ 
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ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʆɸ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʦ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʙʨʘʙʦʪʢʝ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʭʦʟʷʡʩʪʚʘ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ. ɸʥʘʣʠʟ ʚʢʣʘʜʦʚ ʦʪʜʝʣʴʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʥʘ ʣʝʧʝʩʪʢʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʫʯʘʩʪʢʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʧʨʦʬʠʣʷʤʠ ʇʍɼɼ/ʌ ʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʀ ʚ 

ʩʝʚʝʨʥʦʡ, ʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʴʝʪʥʘʤʘ ʚʳʜʝʣʷʶʪʩʷ ʪʦʯʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʚʢʣʘʜʦʤ ʠ ʚʳʩʦʢʠʤʠ 

ʘʙʩʦʣʶʪʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʆʍɼɼ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʠʦʢʩʠʥʦʚ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆʍɼɼ.  

3.3.2. ʈʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ 

ʭʦʟʷʡʩʪʚ 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʨʘʟʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʦʮʝʥʢʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʠ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʦʙʳ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ 

ʜʠʩʧʝʨʩʠʶ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪʙʦʨʘ. ʇʨʠ 

ʵʪʦʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʛʦ ʚ 

ʵʢʚʠʚʘʣʝʥʪʘʭ ʪʦʢʩʠʯʥʦʩʪʠ ʠʣʠ ʚ ʩʫʤʤʘʨʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ ʠ ʧʨʦʬʠʣʝʡ 

ʢʦʥʛʝʥʝʨʦʚ. 

ʈʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʧʨʦʙʘʤ 2013 ʛʦʜʘ. ɼʣʷ ʵʪʦʛʦ ʚʩʝ ʦʪʦʙʨʘʥʥʳʝ ʷʡʮʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ɿʥʘʯʝʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʦʚ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʦʪʜʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 14 ʠ 15. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʩʨʝʜʥʠʭ ʦʙʨʘʟʮʘʭ ʠʟ ʪʝʭ ʞʝ ʠʣʠ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʭʦʟʷʡʩʪʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2010 ʛ. ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʥʳʭ ʣʝʪ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʦʣʴʢʦ ʚ ʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ (ʄʘʜʘ, ɺʠʥʴʢʳʫ, ɼʦʥʛʥʘʡ) ʵʢʚʠʚʘʣʝʥʪ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2013 ʛ., ʦʢʘʟʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʙʨʘʟʮʝ 2010 ʛ 

(Kudryavtseva et al., 2020). ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁ ʩʫʤʤʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʨʠʩʫʥʦʢ 15) 

ʚʳʜʝʣʷʝʪʩʷ ʭʦʟʷʡʩʪʚʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ɼʦʥʛʥʘʡ: ʚ ʜʚʫʭ 

ʦʙʨʘʟʮʘʭ ʩ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝʪʠʧʠʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ. ʋʯʠʪʳʚʘʷ, 

ʦʜʥʘʢʦ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʠ ʨʘʟʙʨʦʩ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʣʦʪʦʢʩʠʯʥʳʤʠ 

ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʢʦʥʛʝʥʝʨʘʤʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʙʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʦʪʜʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚ ʧʨʠʥʠʤʘʣʦ ʟʥʘʯʝʥʠʷ ʦʪ 6 ʜʦ 53 % (ʩʨʝʜʥʝʝ 

27 %). ʉʨʝʜʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ 
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ʩʦʩʪʘʚʠʣʦ 34 % (ʦʪ 9 ʜʦ 107 %). ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʙʨʦʩʘ (107 %) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʚ 

ʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʧʘʨʢʘ ɼʦʥʛʥʘʡ (ʣʝʩʥʦʡ ʤʘʩʩʠʚ ʄʘʜʘ), 

ʝʱʝ ʚ ʦʜʥʦʤ ï 52 % (ʂʘʤʨʘʥʴ), ʚ ʦʩʪʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʦʥʦ ʥʝ ʧʨʝʚʳʰʘʣʦ 40 %. ʈʘʟʣʠʯʠʷ ʚ 

ʨʘʟʙʨʦʩʝ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʨʘʟʤʝʨʘʭ ʫʯʘʩʪʢʦʚ, ʨʘʟʤʝʨʘʭ ʩʪʘʜʘ 

ʢʫʨ ʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 17 % ʚ ʩʣʫʯʘʝ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 13 % ʚ ʩʣʫʯʘʝ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ 5 ʧʨʦʙ ʩ 

ʫʯʘʩʪʢʘ. 

 

 

ʈʠʩʫʥʦʢ 14. ɿʥʘʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ (2013 ʛ.) ʠ ʩʨʝʜʥʠʭ ʧʨʦʙʘʭ, ʩ ʪʝʭ ʞʝ ʫʯʘʩʪʢʦʚ (2010 ʛ.), ʧʛ/ʛ WHO-

TEQ2005/ʛ ʣʠʧʠʜʦʚ. 
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ʈʠʩʫʥʦʢ 15. ɿʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ (2013 ʛ.) ʠ ʩʨʝʜʥʠʭ ʧʨʦʙʘʭ ʩ ʪʝʭ ʞʝ ʫʯʘʩʪʢʦʚ 

(2010 ʛ.), ʧʛ/ʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ. 

ʉʨʝʜʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 2,3,7,8-

ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʩʦʩʪʘʚʠʣʠ ʦʪ 25 % ʜʦ 42 % (ʪʘʙʣʠʮʘ 12), ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʢʘʢ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ ʢʫʨ (ʚʦʟʨʘʩʪ, ʧʦʨʦʜʘ), ʪʘʢ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʠʦʢʩʠʥʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ. ʉʨʝʜʥʷʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʠʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ 13 ʜʦ 20 % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʛʝʥʝʨʘ (ʪʘʙʣʠʮʘ 12). 
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ʊʘʙʣʠʮʘ 12. ʉʨʝʜʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ (RSD) ʠ ʩʨʝʜʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʦʰʠʙʢʠ (RSE) ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (%).  

 RSD RSE 

ʉʫʤ. ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ 27 13 

ʉʫʤ. ʢʦʥʮʝʥʪʨʘʮʠʷ 34 16 

2,3,7,8-ʊʍɼɼ 30 15 

1,2,3,7,8-ʇʝʍɼɼ 27 13 

1,2,3,4,7,8-ɻʢʍɼɼ 26 13 

1,2,3,6,7,8-ɻʢʍɼɼ 27 13 

1,2,3,7,8,9-ɻʢʍɼɼ 34 16 

1,2,3,4,6,7,8-ɻʧʍɼɼ 37 18 

ʆʍɼɼ 40 19 

2,3,7,8-ʊʍɼʌ 28 14 

1,2,3,7,8-ʇʝʍɼʌ 25 12 

2,3,4,7,8-ʇʝʍɼʌ 27 13 

1,2,3,4,7,8-ɻʢʍɼʌ 28 14 

1,2,3,6,7,8-ɻʢʍɼʌ 29 14 

1,2,3,7,8,9-ɻʢʍɼʌ 36 18 

2,3,4,6,7,8-ɻʢʍɼʌ 38 18 

1,2,3,4,6,7,8-ɻʧʍɼʌ 42 20 

1,2,3,4,7,8,9-ɻʧʍɼʌ 39 19 

ʆʍɼʌ 37 18 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ ʚ ʨʳʞʠʭ 

ʧʦʣʝʚʢʘʭ (4 ʩʤʝʰʘʥʥʳʭ ʦʙʨʘʟʮʘ ʠʟ 34 ʦʩʦʙʝʡ) ʩʦʩʪʘʚʣʷʣʦ ʦʪ 30 ʜʦ 160 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʛʝʥʝʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʩʪʘʚʣʷʣʘ ʦʪ 16 ʜʦ 

80 % (ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʜʘʥʥʳʤ ʠʟ ʩʪʘʪʴʠ ʈʫʤʘʢʘ ʠ ʜʨ. (Roumak et al., 2018)). ʊʘʢʦʡ ʙʦʣʴʰʦʡ 

ʨʘʟʙʨʦʩ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ, ʜʦʩʪʫʧʥʦʡ ʜʠʢʠʤ ʚʠʜʘʤ ʜʣʷ ʦʩʚʦʝʥʠʷ ʠ 

ʧʠʪʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʤʘʰʥʝʡ ʧʪʠʮʝʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʍʝʥʨʠʢʩʦʥʘ ʠ ʜʨ. (Henriksson et al., 

2017) ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ ʚ ʯʝʪʳʨʝʭ ʩʤʝʰʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʯʝʨʚʝʡ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʦʪʙʦʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʧʠʣʢʠ ʚ ʐʚʝʮʠʠ ʩʦʩʪʘʚʠʣʦ 69 % 

(ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 34,5 %).  
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ʅʘ ʨʠʩʫʥʢʝ 16 ʧʨʠʚʝʜʝʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʦʬʠʣʠ ʠ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʙʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʡʦʥʝ ɹʳʫʣʦʥʛ ʛ. ɹʴʝʥʭʦʘ (ʛʦʨʷʯʘʷ ʪʦʯʢʘ). ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ ʚ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʦʬʠʣʴ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʧʦʩʪʦʷʥʥʳʡ.  

 

ʈʠʩʫʥʦʢ 16. ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ), ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʡʦʥʝ ɹʳʫʣʦʥʛ ʛ. ɹʴʝʥʭʦʘ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʨʦʬʠʣʝʡ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ʧʨʦʙʘʭ ʠʟ ʦʩʪʘʣʴʥʳʭ 

ʭʦʟʷʡʩʪʚ, ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 17-ʪʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ ʠ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ log-ratio ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (ʨʠʩʫʥʦʢ 17). ɺ ʮʝʣʦʤ, ʷʡʮʘ, ʩʦʙʨʘʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʙʨʘʟʫʶʪ 

ʜʦʚʦʣʴʥʦ ʢʦʤʧʘʢʪʥʳʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, 4-8, 9-12, 41-43, 55-58), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʩʭʦʜʩʪʚʝ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ. 
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ʈʠʩʫʥʦʢ 17. ʇʣʦʩʢʦʩʪʴ ʧʝʨʚʳʭ ʜʚʫʭ ɻʂ ʜʣʷ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ). 

ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʭʦʟʷʡʩʪʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ. ʇʦʚʳʰʝʥʥʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʚ ʵʪʠʭ ʭʦʟʷʡʩʪʚʘʭ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʢʘʢ ʦ ʥʘʣʠʯʠʠ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʦʪʣʠʯʘʶʱʠʤʩʷ ʧʨʦʬʠʣʝʤ, ʥʘʧʨʠʤʝʨ 

ʟʦʣʳ ʦʪ ʩʞʠʛʘʥʠʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʩʪʠʮʠʜʦʚ, ʪʘʢ ʠ ʦ ʧʦʥʠʞʝʥʥʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ, ʧʨʦʚʦʜʷʱʠʭ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʚʥʫʪʨʠ ʟʘʛʦʥʘ. ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʟʫʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘʛʨʫʟʦʢ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ. 

ɺ ʭʦʟʷʡʩʪʚʝ ʚ ʨʘʡʦʥʝ ʊʘʥʬʦʥʛ, ʛ. ɹʴʝʥʭʦʘ (ʪʦʯʢʠ 1-3), ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 3 ʧʨʦʙʳ, 

ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʜʦʚʦʣʴʥʦ ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 18, ʧʨʦʬʠʣʠ ʚ ʥʠʭ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʚʝʣʠʯʠʥʝ ʚʢʣʘʜʘ ʆʍɼɼ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʜʨʫʛʠʭ ʢʦʥʛʝʥʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʪʴ ʠ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʇʍɼɼ/ʌ ʚ ʧʨʦʙʘʭ (ʨʠʩʫʥʦʢ 18). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʆʍɼɼ ʚ 
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ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʳʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʆʍɼɼ ʧʨʠ 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʩʪʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. ɺ ʧʨʦʙʝ 1 ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʙʘʤʠ ʚʢʣʘʜ ʠ ʘʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 2,3,7,8-ʊʍɼɼ. ʊ.ʝ. ʵʪʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 18. ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʠʟ ʊʘʥʬʦʥʛ, ɹʴʝʥʭʦʘ, ɼʦʥʛʥʘʡ. 

ɺ ʭʦʟʷʡʩʪʚʝ ʠʟ ʛ. ɺʠʥʴʘʥ, ʨʘʡʦʥʘ ɺʠʥʴʢʳʫ ʧʨʦʚʠʥʮʠʠ ɼʦʥʛʥʘʡ (ʪʦʯʢʠ 14-16), ʚ ʢʦʪʦʨʦʤ 

ʪʘʢʞʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʚʩʝʛʦ 3 ʧʨʦʙʳ, ʚʳʜʝʣʷʝʪʩʷ ʪʦʯʢʘ 16. ɸʥʘʣʠʟ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʵʪʠʭ 

ʦʙʨʘʟʮʘʭ (ʨʠʩʫʥʦʢ 19) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʘ ʪʦʯʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʜʚʫʭ ʧʦʚʳʰʝʥʥʳʤ 

ʚʢʣʘʜʦʤ ʆʍɼɼ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
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ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʢʣʘʜʘ ʆʍɼɼ ʚʳʟʚʘʥʦ ʤʝʥʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ, ʘ ʥʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʠʩʪʦʯʥʠʢʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʆʍɼɼ. 

 

ʈʠʩʫʥʦʢ 19. ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʠʟ ʛ. ɺʠʥʴʘʥ, ɺʠʥʴʢʳʫ, ɼʦʥʛʥʘʡ. 

ɺ ʭʦʟʷʡʩʪʚʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ɼʦʥʛʥʘʡ (ʪʦʯʢʠ 26-30) 

ʪʦʯʢʠ ʩʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʡ ɻʂ. ʊʦʯʢʠ 28 ʠ 29 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʠʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʆʍɼɼ (ʦʢʦʣʦ 80 %), ʪʦʯʢʘ 26 ï ʥʘʠʤʝʥʴʰʠʤ (55 %) (ʨʠʩʫʥʦʢ 20). ʇʨʠ 

ʵʪʦʤ ʪʦʯʢʘ 26 ʚʳʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦ ʟʥʘʯʝʥʠʶ ʚʪʦʨʦʡ ɻʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʳʰʝʥʥʦʤʫ ʚ ʥʝʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʙʘʤʠ ʚʢʣʘʜʫ ʬʫʨʘʥʦʚ. ɸʥʘʣʠʟ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʳʷʚʣʷʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʍɼɼ ʚ ʧʨʦʙʘʭ 28 ʠ 29: 280 ʠ 773 ʧʛ/ʛ ʣʠʧʠʜʦʚ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙʘʭ ʠʟ ʵʪʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʆʍɼɼ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 56 ʧʛ/ʛ ʣʠʧʠʜʦʚ, ʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʙʘʭ ʠʟ çʛʦʨʷʯʝʡ ʪʦʯʢʠè ʩʦʩʪʘʚʣʷʝʪ 

154 ʧʛ/ʛ ʣʠʧʠʜʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʯʝʚʠʜʥʦ ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʆʍɼɼ.  

 

ʈʠʩʫʥʦʢ 20 ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʚ ʟʘʧʦʚʝʜʥʠʢʝ ɼʦʥʛʥʘʡ. 

ɺʩʝ ʧʨʦʙʳ ʠʟ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʡʦʥʝ ʍʘʤʪʘʥ ʧʨʦʚʠʥʮʠʠ ɹʠʥʴʪʭʫʘʥ (ʪʦʯʢʠ 31-35), 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʞʥʝʡ ʧʨʘʚʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ, ʦʜʥʘʢʦ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʨʘʟʥʝʩʝʥʳ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʙʘʤʠ ʠʟ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʭʦʟʷʡʩʪʚ. ʆʙʱʘʷ ʢʘʨʪʠʥʘ 
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ʧʨʦʬʠʣʷ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʠʟ ʵʪʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʭʦʞʘ: ʦʪʤʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʚʢʣʘʜ 2,3,7,8-

ʊʍɼɼ ï ʦʪ 18 ʜʦ 28 % ʠ ʢʨʘʡʥʝ ʥʠʟʢʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʚʢʣʘʜ ʆʍɼɼ ï 

20-30 %. (ʨʠʩʫʥʦʢ 21). ʋʯʠʪʳʚʘʷ ʥʠʟʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʛʝʥʝʨʦʚ, 

ʨʘʟʙʨʦʩ ʪʦʯʝʢ ʧʦ ʟʥʘʯʝʥʠʷʤ ɻʂ ʦʙʫʩʣʦʚʣʝʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʫʨ, ʘ ʥʝ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʩʪʦʯʥʠʢʦʚ. 

 

ʈʠʩʫʥʦʢ 21. ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʠʟ ʨʘʡʦʥʘ ʍʘʤʪʘʥ ʚ ʧʨʦʚʠʥʮʠʠ ɹʠʥʴʪʭʫʘʥ. 

ɺ ʭʦʟʷʡʩʪʚʝ ʠʟ ʨʘʡʦʥʘ ʊʫʘʥʥʘʤ ʧʨʦʚʠʥʮʠʠ ɹʠʥʴʪʭʫʘʥ (ʪʦʯʢʠ 36-40) ʧʦ ʚʝʣʠʯʠʥʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʡ ɻʂ ʚʳʜʝʣʷʶʪʩʷ ʪʦʯʢʠ 36 ʠ 40, ʪʦʯʢʘ 36 ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʠ ʧʦ ʟʥʘʯʝʥʠʶ 

ʚʪʦʨʦʡ ɻʂ. ɺ ʦʙʝʠʭ ʧʨʦʙʘʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʥʠʞʝʥʥʳʡ ʚʢʣʘʜ ʆʍɼɼ ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʡ 
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ʚʢʣʘʜ ʬʫʨʘʥʦʚ ʠ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʦʢʩʠʥʦʚ (ʨʠʩʫʥʦʢ 22). ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʘʙʩʦʣʶʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʘ 40 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʆʍɼɼ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʨʦʙʝ 36 ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʢ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʇʍɼɼ, ʪʘʢ ʠ ʚʩʝʭ ʬʫʨʘʥʦʚ. ʊ.ʝ. ʟʜʝʩʴ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 22. ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʡʦʥʝ ʊʫʘʥʥʘʤ ʚ ʧʨʦʚʠʥʮʠʠ ɹʠʥʴʪʭʫʘʥ. 

 

ɺ ʭʦʟʷʡʩʪʚʝ ʚ ʛ. ʂʘʤʨʘʥʴ ʧʨʦʚʠʥʮʠʠ ʂʭʘʥʴʭʦʘ (ʪʦʯʢʠ 49-53), ʧʨʦʙ r51 ʠ 52 ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʦ ʟʥʘʯʝʥʠʶ ʚʪʦʨʦʡ ɻʂ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 23, ʛʜʝ ʧʨʠʚʝʜʝʥʳ 
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ʧʨʦʬʠʣʠ ʇʍɼɼ/ʌ ʚ ʢʘʞʜʦʡ ʧʨʦʙʝ ʠʟ ʵʪʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʙʳ 51 ʠ 52 ʚʳʜʝʣʷʶʪʩʷ ʧʦ 

ʧʦʚʳʰʝʥʥʦʤʫ ʚʢʣʘʜʫ 2,3,4,6,7,8-ɻʢʍɼʌ ʠ 1,2,3,4,6,7,8-ɻʧʍɼʌ. ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚ ɻʪʠʭ ʧʨʦʙʘʭ ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʚ ʦʩʪʘʣʴʥʳʭ 

ʧʨʦʙʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʤʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʬʠʣʝʡ ʦʪʨʘʞʘʝʪ 

ʚʢʣʘʜʳ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

 

ʈʠʩʫʥʦʢ 23. ʇʨʦʬʠʣʴ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʇʍɼɼ/ʌ (ʚʚʝʨʭʫ) ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚʥʠʟʫ) ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠʟ ʭʦʟʷʡʩʪʚʘ ʠʟ ʛ. ʂʘʤʨʘʥʴ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʡʮʘ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʧʦʯʚʝ ʠ ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠ 
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ʘʥʘʣʠʟʝ 5 ʧʨʦʙ ʩ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 13 %. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʟʙʨʦʩʝ 

ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʸʪʘ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ. ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʧʨʦʬʠʣʷ ʨʘʟʥʳʭ ʷʠʮ ʠʟ 

ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʷʝʪʩʷ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʢʣʘʜ 

ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʷʡʮʘʭ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ ʢʫʨ ʩʠʣʴʥʝʝ.  

3.4. Cʚʷʟʴ ʟʘʛʨʷʟʥʝʥʠʷ ʷʠʮ ʜʦʤʘʰʥʠʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʩ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʯʚʳ 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ, ʦʪʨʘʞʘʝʪ ʣʠ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʠʭ ʇʍɼɼ/ʌ ʟʘʛʨʷʟʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚ ʠ ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʧʦʯʚʳ ʚ ʷʡʮʘ. 

ʅʘ ʨʠʩʫʥʢʝ 24 ʧʨʠʚʝʜʝʥʳ ʩʫʤʤʘʨʥʳʝ ʵʢʚʠʚʘʣʝʥʪʳ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʡʮʘʭ. ɺʦ ʚʩʝʭ ʭʦʟʷʡʩʪʚʘʭ ʢʨʦʤʝ ʜʚʫʭ (ʭʦʟʷʡʩʪʚʘ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ ʚ 

ʨʘʡʦʥʝ ɹʳʫʣʦʥʛ ʠ ʦʜʥʦʛʦ ʠʟ ʭʦʟʷʡʩʪʚ ʚ ʨʘʡʦʥʝ ʂʘʤʣʦ ʚ ʧʨʦʚʠʥʮʠʠ ʂʫʘʥʛʯʠ) ʵʢʚʠʚʘʣʝʥʪ 

ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʷʡʮʘʭ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʣʠʧʠʜʳ ʧʨʝʚʳʰʘʣ ʵʢʚʠʚʘʣʝʥʪ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʧʦʯʚʝ. ʇʨʠ 

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʧʨʝʚʳʰʘʣʦ ʜʦʧʫʩʪʠʤʦʝ ɽʉ 

ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (2,5 ʧʛ WHO-TEQ2005/ʛ ʣʠʧʠʜʦʚ) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʧʦʯʚʝ ʥʠʞʝ 

4 ʧʛ WHO-TEQ2005/ʛ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʭʦʟʷʡʩʪʚʘʭ ʠ ʧʨʠ ʚʩʝʛʦ 1 ʧʛ WHO-TEQ2005/ʛ, ʯʪʦ ʧʦʜʥʠʤʘʝʪ 

ʚʦʧʨʦʩ ʦ ʧʝʨʝʩʤʦʪʨʝ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʆɼʂ ʜʣʷ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ, ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʧʦ ʩʠʩʪʝʤʝ ʩʚʦʙʦʜʥʦʛʦ ʚʳʛʫʣʘ 

(Kudryavtseva et al., 2020). ɺ ʈʦʩʩʠʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 5 ʧʛ TEQ/ʛ. ɺ 

ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʜʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 10 ʧʛ TEQ/ʛ (New Zealand MoE, 1997), ʚ ɻʝʨʤʘʥʠʠ ï 40 ʧʛ I-TEQ/ʛ, ʚ ʌʠʥʣʷʥʜʠʠ ï 

500 ʧʛ I-TEQ/ʛ, ʚ ʐʚʝʮʠʠ ʠ ʅʠʜʝʨʣʘʥʜʘʭ ʧʨʠʥʷʪʳ ʦʪʜʝʣʴʥʳʝ ʥʦʨʤʘʪʠʚʳ ʜʣʷ ʧʦʯʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʣʦʯʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ï 10 ʧʛ I-TEQ/ʛ (Buckley-Golder, 1999).  
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ʈʠʩʫʥʦʢ 24. ʆʙʱʠʝ ʵʢʚʠʚʘʣʝʥʪʳ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ ʠ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠʟ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ ɺʴʝʪʥʘʤʘ. ɿʝʣʝʥʘʷ ʣʠʥʠʷ ʨʘʟʜʝʣʷʝʪ ʶʞʥʳʝ ʠ ʩʝʚʝʨʥʳʝ 

ʫʯʘʩʪʢʠ (ʧʦ 17-ʡ ʧʘʨʘʣʣʝʣʠ ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ). 

3.4.1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʠ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʷ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʇʍɼɼ/ʌ ʠʟ ʧʦʯʚʳ ʚ ʷʡʮʘ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ (ʂɹ) ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʞʜʦʛʦ 

ʢʦʥʛʝʥʝʨʘ ʚ ʷʡʮʘʭ ʢ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʯʚʝ. ʄʝʜʠʘʥʥʳʝ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʂɹ, ʂɹ ʚ 

ʛʦʨʷʯʝʡ ʪʦʯʢʝ, ʘ ʪʘʢʞʝ ʂɹ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 13. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʢʫʨʠʥʳʭ ʷʡʮʘʭ ʠ ʪʢʘʥʷʭ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʢʦʨʦʚʴʝʤ ʤʦʣʦʢʝ, ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ (Chang et al., 1989; Petreas et al., 

1991; Slob et al., 1995; Stephens, Petreas, Hayward, 1995; Schuler, Schmid, Schlatter, 1997; Pirard, 

De Pauw, 2005, 2006). ʆʜʥʘʢʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ (Piskorska-Pliszczynska et al., 2014) ʥʘʠʙʦʣʴʰʘʷ 

ʩʪʝʧʝʥʴ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʘ ʫ ʪʨʝʭ ɻʢʍɼɼ ʠ 2,3,4,6,7,8-ɻʢʍɼʌ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ: 

ʤʝʜʠʘʥʥʳʝ ʂɹ ʦʢʪʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʩʦʩʪʘʚʠʣʠ 0,17-0,62, 

ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ï 1,4-3,7, ʪʝʪʨʘ- ʠ ʧʝʥʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ï 5,1-7,8 (ʂʫʜʨʷʚʮʝʚʘ, 

ʐʝʣʝʧʯʠʢʦʚ, ɹʨʦʜʩʢʠʡ, 2015). 
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ʆʜʥʘʢʦ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩʨʝʜʥʠʝ ʂɹ, ʪʦ ʚʳʜʝʣʷʝʪʩʷ 1,2,3,6,7,8-ɻʢʍɼɼ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʜʨʫʛʠʭ ɻʢʍɼɼ ʠ ʙʣʠʟʦʢ ʢ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʙʠʦʥʘʢʦʧʣʝʥʠʷ 2,3,7,8-ʊʍɼɼ. ɹʳʣʠ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʚ ʊʘʡʚʘʥʝ ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʩʫ ʩ ʩʦʘʚʪʦʨʘʤʠ (Hsu, Chen, Liao, 2010): ʩʨʝʜʠ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʧʦʚʳʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʥʝ ʪʦʣʴʢʦ ʫ 1,2,3,6,7,8-ɻʢʍɼɼ, ʥʦ ʠ ʫ 1,2,3,4,7,8-ɻʢʍɼʌ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʜʠʦʢʩʠʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʂɹ ʜʣʷ ʣʝʩʥʦʡ ʤʳʰʠ (Apodemus 

uralensis), ʨʳʞʝʡ ʧʦʣʝʚʢʠ (Myodes glareolus) ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ (Sorex araneus) ʧʦ 

ʜʘʥʥʳʤ ʈʫʤʘʢʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (Roumak et al., 2018). ɼʣʷ ʇʍɼɼ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʙʠʦʥʘʢʦʧʣʝʥʠʝ ʢʦʥʛʝʥʝʨʦʚ ʩ ʥʠʟʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʭʣʦʨʠʨʦʚʘʥʠ,̫ ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʇʍɼʌ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʂɹ ʙʳʣʠ ʫ 2,3,4,7,8-ʇʝʍɼʌ ʠ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ 2,3,4,6,7,8-ɻʢʍɼʌ). ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʘʢ 

ʠ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ (Hsu, Chen, Liao, 2010; Piskorska-Pliszczynska et al., 2014; Roumak et al., 

2018), ʷʚʣʷʶʪʩʷ ʦʙʩʝʨʚʘʮʠʦʥʥʳʤʠ ʠ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʇʍɼɼ/ʌ ʚ 

ʦʨʛʘʥʠʟʤʳ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺ çʛʦʨʷʯʝʡ ʪʦʯʢʝè (ʭʦʟʷʡʩʪʚʦ ʚ ʨʘʡʦʥʝ ɹʳʫʣʦʥʛ ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ) 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʚʩʝʭ ʢʦʥʛʝʥʝʨʦʚ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʨʝʜʥʝʛʦ ʠ 

ʤʝʜʠʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʫʯʘʩʪʢʘʤ (Kudryavtseva et al., 2020). ʊʝʥʜʝʥʮʠʷ ʢ 

ʩʥʠʞʝʥʠʶ ʂɹ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʇʝʪʨʝʘʩ ʩ ʩʦʘʚʪʦʨʘʤʠ. (Petreas et al., 1991) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʢʦʨʤʫ ʢʫʨ 10 % ʧʦʯʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʇʍɼɼ/ʌ 422 ʧʛ I-TEQ/ʛ. ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʠ ʜʣʷ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ (ʂʨʠʚʦʣʫʮʢʠʡ ʠ ʜʨ., 2002; Henriksson et al., 2017). 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʂɹ ʩ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʧʦʯʚʝ, 

ʦʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣʠ -0,6. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʣʦʚʠʥʳ ʬʫʨʘʥʦʚ ʩʚʷʟʴ ʥʝ 

ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ (p<0,05) (ʪʘʙʣʠʮʘ 14). ʆʜʥʘʢʦ, ʚʝʨʦʷʪʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʣʦʞʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡè (spurious correlation) (Kenney, 

1982; Pollman et al, 2014). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫ  ʁ

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʚ ʢʫʨʠʥʳʭ ʷʡʮʘʭ.  
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ʊʘʙʣʠʮʘ 13. ʂʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ. ʉʨʝʜʥʠʝ ʠ 

ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʙʝʟ ʫʯʝʪʘ ʛʦʨʷʯʝʡ ʪʦʯʢʠ. 
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2,3,7,8-

ʊʍɼɼ 
6,08 5,06 0,29 0,76 6,13 4,59 5,4 11,1 18,9 

1,2,3,7,8-

ʇʝʍɼɼ 
14,1 7,7 0,34 0,77 7,4 3,86 7,6 14,1 34,7 

1,2,3,4,7,8-

ɻʢʍɼɼ 
4,04 3,09 0,26 0,71 8,26 1,77 5,2 5,1 26,1 

1,2,3,6,7,8-

ɻʢʍɼɼ 
7,17 3,67 0,26 0,57 11,4 2,78 3,6 4,5 14,2 

1,2,3,7,8,9-

ɻʢʍɼɼ 
2,57 1,42 0,14 0,37 4,5 1,33 1,2 2 2,7 

1,2,3,4,6,7,8- 

ɻʧʍɼɼ 
1,24 0,658 0,08 0,33 2,35 0,4 0,8 0,6 2,9 

ʆʍɼɼ 0,75 0,172 0,05 0,14 0,74 0,18 0,4 0,3 0,7 

2,3,7,8-

ʊʍɼʌ 
13,9 7,18 0,27 0,62 10 3,33 0,6 2,1 8,7 

1,2,3,7,8-

ʇʝʍɼʌ 
9,86 5,66 0,89 NA 13,1 2,3 0,3 1 3,6 

2,3,4,7,8-

ʇʝʍɼʌ 
9,8 3,25 2,34 0,89 12,9 1,98 19,3 9,7 201 

1,2,3,4,7,8-

ɻʢʍɼʌ 
6,28 3,25 0,69 0,80 9,93 0,94 9,8 4,8 35,3 

1,2,3,6,7,8-

ɻʢʍɼʌ 
4,58 2,78 0,54 0,67 12,5 1,1 9,6 4,6 61,2 

2,3,4,6,7,8-

ɻʢʍɼʌ 
3,05 1,98 0,35 0,47 8,25 0,95 20,1 4,9 40,3 

1,2,3,7,8,9-

ɻʢʍɼʌ 
2,43 2,71 0,18 NA 1,97 0,16 NA NA NA 

1,2,3,4,6,7,8-

ɻʧʍɼʌ 
1,3 0,616 0,08 0,30 2,77 0,24 1,5 0,6 2,8 

1,2,3,4,7,8,9-

ɻʧʍɼʌ 
1,32 0,730 0,11 0,35 4,56 0,19 2,8 1,6 6,6 

ʆʍɼʌ 1,06 0,171 0,02 0,11 0,92 0,14 0,5 0,4 1 
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ʊʘʙʣʠʮʘ 14. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʘʥʘ ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇʍɼɼ/ʌ ʚ 

ʧʦʯʚʝ (ʧʛ/ʛ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. ɾʠʨʥʳʤ 

ʚʳʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ c p-ʟʥʘʯʝʥʠʝʤ ʤʝʥʴʰʝ 0,05.  

ʂʦʥʛʝʥʝʨ r s 

2,3,7,8-ʊʍɼɼ -0,36 

1,2,3,7,8-ʇʝʍɼɼ -0,51 

1,2,3,4,7,8-ɻʢʍɼɼ -0,43 

1,2,3,6,7,8-ɻʢʍɼɼ -0,52 

1,2,3,7,8,9-ɻʢʍɼɼ -0,46 

1,2,3,4,6,7,8-ɻʧʍɼɼ -0,60 

ʆʍɼɼ -0,60 

2,3,7,8-ʊʍɼʌ -0,26 

1,2,3,7,8-ʇʝʍɼʌ -0,39 

2,3,4,7,8-ʇʝʍɼʌ -0,38 

1,2,3,4,7,8-ɻʢʍɼʌ -0,29 

1,2,3,6,7,8-ɻʢʍɼʌ -0,38 

2,3,4,6,7,8-ɻʢʍɼʌ -0,28 

1,2,3,7,8,9-ɻʢʍɼʌ -0,27 

1,2,3,4,6,7,8-ɻʧʍɼʌ -0,28 

1,2,3,4,7,8,9-ɻʧʍɼʌ -0,39 

ʆʍɼʌ -0,43 

3.4.2. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʠ ʧʦʯʚʘʭ 

ʅʘ ʨʠʩʫʥʢʝ 25 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ 

ʷʡʮʘʭ ʦʪ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʚʷʟʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʇʍɼɼ/ʌ ʷʠʮ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʧʦʯʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ, ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʞʜʦʛʦ ʠʟ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ.  

 



99 

 

 

ʈʠʩʫʥʦʢ 25. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ (ʧʛ WHO-

TEQ2005/ʛ ʣʠʧʠʜʦʚ) ʦʪ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ (ʧʛ WHO-TEQ2005/ʛ), 

ʙʝʟ ʫʯʝʪʘ çʛʦʨʷʯʝʡ ʪʦʯʢʠè ʚ ʦʢʨʫʛʝ ɹʳʫʣʦʥʛ ʛ. ɹʴʝʥʭʦʘ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʘʥʘ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ 

ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʩʦʩʪʘʚʠʣ 0,64 (p <0,01), 

ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ï 0,62 (p <0,01). 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɼɼ/ʌ ʚʳʷʚʠʣ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʇʍɼɼ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

1,2,3,7,8-ʇʝʍɼɼ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 0,46) ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ (ʪʘʙʣʠʮʘ 15). ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʇʍɼʌ ʵʪʘ ʩʚʷʟʴ 

ʙʳʣʘ ʚ ʮʝʣʦʤ ʩʣʘʙʝʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʪʦʣʴʢʦ ʜʣʷ ʰʝʩʪʠ ʢʦʥʛʝʥʝʨʦʚ ʠʟ ʜʝʩʷʪʠ: 2,3,7,8-

ʊʍɼʌ, 1,2,3,4,7,8-ɻʢʍɼʌ, 1,2,3,6,7,8-ɻʢʍɼʌ, 2,3,4,6,7,8-ɻʢʍɼʌ, 1,2,3,4,6,7,8-ɻʧʍɼʌ ʠ 

1,2,3,4,7,8,9-ɻʧʍɼʌ (Kudryavtseva et al., 2020). ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʬʫʨʘʥʦʚ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ (Decad, 

Birnbaum, Matthews, 1981; Olling et al., 1991; Slob et al., 1995), ʘ ʪʘʢʞʝ ʠʩʢʘʞʝʥʠʝʤ ʧʨʦʬʠʣʷ ʚ 

ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦʪʨʝʙʣʷʝʤʳʭ ʢʫʨʘʤʠ. ʊʘʢ, ʚ ʜʦʞʜʝʚʳʭ ʯʝʨʚʷʭ ʧʨʦʬʠʣʴ ʇʍɼɼ ʙʳʣ 

ʩʭʦʜʝʥ ʩ ʧʨʦʬʠʣʝʤ ʚ ʧʦʯʚʘʭ, ʪʦʛʜʘ ʢʘʢ ʧʨʦʬʠʣʴ ʇʍɼʌ ʦʪʣʠʯʘʣʩʷ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʧʦʯʚʘʭ 

(Henriksson et al., 2017). ɽʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʞʠʛʘʥʠʝ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ, ʜʦʩʪʫʧʥʳʭ ʢʫʨʘʤ ʜʣʷ ʦʩʚʦʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʬʫʨʘʥʦʚ ʚ 

ʟʦʣʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʚʳʰʘʝʪ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ. 
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ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɼɼ/ʌ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʤ 

ʦʪʨʘʞʝʥʠʠ ʷʡʮʘʤʠ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʠʦʢʩʠʥʘʤʠ. 

ʆʜʥʘʢʦ ʧʨʠʯʠʥʳ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʩʣʘʙʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʷʜʘ ʇʍɼʌ ʥʝʷʩʥʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʪʝʩʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʟʘʛʨʷʟʥʝʥʠʝʤ ʷʠʮ ʠ ʧʦʯʚ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʳ ʠʣʠ ʫʯʪʝʥʳ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʨʘʟʤʝʨ ʫʯʘʩʪʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʚ ʩʪʘʜʝ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʧʦʣʫʯʘʝʤʦʛʦ 

ʢʫʨʘʤʠ ʢʦʨʤʘ, ʧʦʨʦʜʘ ʢʫʨ. 

ʊʘʙʣʠʮʘ 15. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʘʥʘ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʠ 

ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ. ɾʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩ p-ʟʥʘʯʝʥʠʝʤ ʤʝʥʴʰʝ 0,05.  

ʂʦʥʛʝʥʝʨ r s 

2,3,7,8-ʊʍɼɼ 0.65 

1,2,3,7,8-ʇʝʍɼɼ 0,46 

1,2,3,4,7,8-ɻʢʍɼɼ 0,8 

1,2,3,6,7,8-ɻʢʍɼɼ 0,81 

1,2,3,7,8,9-ɻʢʍɼɼ 0,80 

1,2,3,4,6,7,8-ɻʧʍɼɼ 0,83 

ʆʍɼɼ 0,63 

2,3,7,8-ʊʍɼʌ 0,38 

1,2,3,7,8-ʇʝʍɼʌ 0,23 

2,3,4,7,8-ʇʝʍɼʌ 0,31 

1,2,3,4,7,8-ɻʢʍɼʌ 0,35 

1,2,3,6,7,8-ɻʢʍɼʌ 0,46 

2,3,4,6,7,8-ɻʢʍɼʌ 0,48 

1,2,3,7,8,9-ɻʢʍɼʌ 0,3 

1,2,3,4,6,7,8-ɻʧʍɼʌ 0,48 

1,2,3,4,7,8,9-ɻʧʍɼʌ 0,44 

ʆʍɼʌ 0,22 
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3.4.3. ʉʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʇʍʍɼ/ʌ ʚ ʧʦʯʚʘʭ ʠ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʚʳʛʫʣʝ 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʦʬʠʣʝʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʤʝʨʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʊʘʢ, ʄɻʂ ʯʝʪʢʦ ʨʘʟʜʝʣʷʝʪ 

ʧʨʦʬʠʣʠ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʠ ʚ ʷʡʮʘʭ (ʨʠʩʫʥʦʢ 26), ʯʪʦ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʠʩʢʘʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʛʝʥʝʨ-ʩʧʝʮʠʬʠʯʥʦʛʦ 

ʙʠʦʥʘʢʦʧʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ 

ʧʨʦʬʠʣʷ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʩ ʧʨʦʬʠʣʷʤʠ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝ ʚʩʝʛʜʘ ʢʦʨʨʝʢʪʥʦ (Megson, 

Dack, 2011). ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʜʘʣʝʢʦ ʦʪʩʪʦʷʱʠʝ ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʪʦʯʝʢ ʪʦʯʢʠ 1-1`, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʙʘʤ ʠʟ çʛʦʨʷʯʝʡ ʪʦʯʢʠè ʚʙʣʠʟʠ ʘʵʨʦʜʨʦʤʘ ɹʴʝʥʭʦʘ 

(ʨʘʡʦʥ ɹʳʫʣʦʥʛ). ʊʘʢʦʝ ʠʭ ʧʦʣʦʞʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʧʨʦʬʠʣʷ: ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʳʩʦʢʠʤ ʚʢʣʘʜʦʤ 2,3,7,8-ʊʍɼɼ. 
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ʈʠʩʫʥʦʢ 26. ʇʣʦʩʢʦʩʪʴ ʜʚʫʭ ʧʝʨʚʳʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʨʦʬʠʣʝʡ ʇʍɼɼ/ʌ ʚ ʷʡʮʘʭ 

ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʧʦ 17-ʪʠ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʤ ʇʍɼɼ/ʌ. 

ʆʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 27 ʥʘ ʧʨʠʤʝʨʝ 

ʪʦʯʝʢ 12 ʠ 12̀  (ʭʦʟʷʡʩʪʚʦ ʚ ʨʘʡʦʥʝ ʊʫʡʬʦʥʛ, ʧʨʦʚʠʥʮʠʷ ʅʠʥʴʪʭʫʘʥ), ʢʘʢ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢ ʮʝʥʪʨʦʠʜʘʤ ʜʣʷ ʷʠʮ ʠ ʧʦʯʚ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʇʍɼɼ/ʌ ʠʟ ʧʦʯʚʳ ʚ ʷʡʮʘ ʢʫʨ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʢʣʘʜʘ ʆʍɼɼ ʠ ʧʦʚʳʰʝʥʠʝ ʚʢʣʘʜʘ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʣʠʯʠʷʤʠ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʤʝʞʜʫ ʢʦʥʛʝʥʝʨʘʤʠ ʩ 

ʨʘʟʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʭʣʦʨʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 27. ʆʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʷ ʇʍɼɼ/ʌ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʧʦʯʚʳ ʚ 

ʷʡʮʘ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʥʘ ʧʨʠʤʝʨʝ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʡʦʥʝ ʊʫʡʬʦʥʛ ʚ ʧʨʦʚʠʥʮʠʠ ʅʠʥʴʪʭʫʘʥ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘʤ 12-12̀  ʥʘ ʨʠʩʫʥʢʝ 26). 

ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʘʨ ʪʦʯʝʢ ʷʡʮʘ-ʧʦʯʚʘ ʠʟ ʨʘʟʥʳʭ ʭʦʟʷʡʩʪʚ ʥʘ ʨʠʩʫʥʢʝ 26 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ:  

¶ ʨʘʟʣʠʯʠʝʤ ʚ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʠ ʢʦʥʛʝʥʝʨʥʦʤ ʩʦʩʪʘʚʝ ʇʍɼɼ/ʌ ʤʝʞʜʫ 

ʭʦʟʷʡʩʪʚʘʤʠ (ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʝ); 

¶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ;  

¶ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʢʫʨ;  

¶ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ; 

¶ ʨʘʟʣʠʯʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʢʫʨ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʦʚ ʜʣʷ ʚʳʛʫʣʘ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʚ ʩʪʘʜʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʛʫʣʘ (Kijlstra, Traag, Hoogenboom, 

2007); 

¶ ʨʘʟʣʠʯʠʷʤʠ ʚ ʢʦʨʤʦʚʦʤ ʧʦʚʝʜʝʥʠʠ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ (Andersson, Nordin, Jensen, 2001; 

Schütz, Jensen, 2001); 

¶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ. 
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ʇʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʥʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʧʦʨʦʜʘ ʢʫʨ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʫʩʣʦʚʠʡ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʣʠʯʠʷ ʜʦʩʪʫʧʘ ʢ ʩʚʦʙʦʜʥʦʤʫ ʚʳʛʫʣʫ, ʧʦʵʪʦʤʫ 

ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʇʍɼɼ/ʌ ʚ ʧʦʯʚʘʭ ʟʘʚʠʩʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʧʠʨʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ (Yuan et al., 2021). 

ʇʦʤʠʤʦ ʧʦʯʚʳ ʜʠʦʢʩʠʥ rʚ ʷʡʮʘ ʢʫʨ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʨʤʦʤ, 

ʧʦʯʚʝʥʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʟʦʣʦʡ ʦʪ ʩʞʠʛʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʙʳʪʦʚʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʪʭʦʜʦʚ, ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʟʘʛʦʥʦʚ ʜʣʷ ʢʫʨ (ʚ ʯʘʩʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʝʥʪʘʭʣʦʨʬʝʥʦʣʦʤ ʠʣʠ ʜʨʫʛʠʤʠ ʬʫʥʛʠʮʠʜʘʤʠ) (Piskorska-Pliszczynska et al., 2016). ʆʮʝʥʠʪʴ 

ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʥʦ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʛʝʥʝʨʦʚ 

ʇʍɼɼ/ʌ ʚʥʫʪʨʠ ʛʨʫʧʧ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚ ʷʡʮʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ. 

ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʠʷ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʥʘʢʦʧʣʝʥʠʷ 

ʤʝʞʜʫ ʢʦʥʛʝʥʝʨʘʤʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʵʪʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

2,3,7,8-ʟʘʤʝʱʝʥʥʳʤʠ ʢʦʥʛʝʥʝʨʘʤʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚʩʝ 

ɻʢʍɼɼ/ʌ) ʙʫʜʫʪ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʢʦʥʛʝʥʝʨʦʚ ʩ ʨʘʟʥʳʤʠ ʩʪʝʧʝʥʷʤʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ (Hagenmaier, Lindig, She, 1994). ɺ ʩʪʘʪʴʝ ʄʵʛʩʦʥʘ ʠ ɼʵʢʘ (Megson, Dack, 2011) 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ɻʢʍɼɼ/ʌ (ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʞʜʦʛʦ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʛʝʥʝʨʘ ʥʦʨʤʠʨʦʚʘʣʠ ʥʘ ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʩʝʭ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ) ʚ 

ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʧʦʯʚʘʭ, ʧʨʠ ʵʪʦʤ ʚ ʷʡʮʘʭ ʥʘʙʣʶʜʘʣʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ 1,2,3,6,7,8-ɻʢʍɼɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ. 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʩʜʚʠʛ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʙʠʦʥʘʢʦʧʣʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʜʘʞʝ ʤʝʞʜʫ ʢʦʥʛʝʥʝʨʘʤʠ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ (Pirard, De Pauw, 2006; Kudryavtseva, 

Shelepchikov, Brodsky, 2020).  

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʧʨʦʬʠʣʷ ʚ ʷʡʮʘʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʬʠʣʷ ʚ ʧʦʯʚʘʭ ʚ ʩʪʦʨʦʥʫ ʢʦʥʛʝʥʝʨʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʙʠʦʥʘʢʦʧʣʝʥʠʷ: 1,2,3,7,8-ʇʝʍɼɼ ʚ ʩʣʫʯʘʝ ʧʝʥʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, 1,2,3,6,7,8-ɻʢʍɼɼ ʚ 

ʩʣʫʯʘʝ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʠ 1,2,3,4,6,7,8-ɻʧʍɼɼ ʚ ʩʣʫʯʘʝ ʛʝʧʪʘ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʘʭ 28 ʠ 29 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʜʠʘʛʨʘʤʤ ʩ ʧʦʜʦʙʥʳʤ ʪʠʧʠʯʥʳʤ ʩʜʚʠʛʦʤ ʧʨʦʬʠʣʷ ʚ 

ʷʡʮʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʬʠʣʷ ʚ ʧʦʯʚʘʭ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʭʦʟʷʡʩʪʚʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʧʨʦʬʠʣʷ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʙʠʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 
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ʇʍɼɼ/ʌ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʤʠʤʦ ʧʦʯʚʳ. ʅʘ ʨʠʩʫʥʢʘʭ 30, 31, 32 ʠ 33 ʧʨʠʚʝʜʝʥʳ 

ʣʝʧʝʩʪʢʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦ ʩʜʚʠʛʦʤ ʚ ʩʪʦʨʦʥʫ ʥʝʢʦʪʦʨʳʭ ʬʫʨʘʥʦʚ. 

 

ʈʠʩʫʥʦʢ 28. ʊʠʧʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʬʠʣʝʡ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ. 
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ʈʠʩʫʥʦʢ 29. ʊʠʧʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʬʠʣʝʡ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ. 
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ʈʠʩʫʥʦʢ 30. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʩʦ ʩʜʚʠʛʦʤ ʧʨʦʬʠʣʷ ʚ ʷʡʮʘʭ ʚ ʩʪʦʨʦʥʫ ʥʝʢʦʪʦʨʳʭ 

ʬʫʨʘʥʦʚ. 
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ʈʠʩʫʥʦʢ 31. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʩʦ ʩʜʚʠʛʦʤ ʧʨʦʬʠʣʷ ʚ ʷʡʮʘʭ ʚ ʩʪʦʨʦʥʫ ʥʝʢʦʪʦʨʳʭ 

ʬʫʨʘʥʦʚ. 
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ʈʠʩʫʥʦʢ 32. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʩʦ ʩʜʚʠʛʦʤ ʧʨʦʬʠʣʷ ʚ ʷʡʮʘʭ ʚ ʩʪʦʨʦʥʫ ʥʝʢʦʪʦʨʳʭ 

ʬʫʨʘʥʦʚ. 
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ʈʠʩʫʥʦʢ 33. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ ʢʫʨ ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʚʳʛʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʘʭ ʩʦ ʩʜʚʠʛʦʤ ʧʨʦʬʠʣʷ ʚ ʷʡʮʘʭ ʚ ʩʪʦʨʦʥʫ ʥʝʢʦʪʦʨʳʭ 

ʬʫʨʘʥʦʚ. 

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʠʩʪʦʯʥʠʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʷʡʮʘ ʥʘ ʜʘʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʦʬʠʣʷʤʠ ʠʟʚʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ 34 

ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ ʇʝʍɼʌ, ɻʢʍɼʌ ʠ ɻʧʍɼʌ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʚ ʇʍɼɼ/ʌ, ʨʘʩʩʯʠʪʘʥʥʳʝ 
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ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. ɼʦʤʠʥʠʨʦʚʘʥʠʝ 1,2,3,4,7,8-ɻʢʍɼʌ ʚ ʧʨʦʬʠʣʝ ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ, 1,2,3,6,7,8-ɻʢʍɼɼ ï ʜʣʷ ʇʍʌ. ɺ ʧʨʦʬʠʣʝ 

ʦʪʢʨʳʪʦʛʦ ʩʞʠʛʘʥʠʷ ʜʦʤʠʥʠʨʫʶʪ 2,3,4,6,7,8-ɻʢʍɼʌ, 1,2,3,6,7,8-ɻʢʍɼʌ ʠ 1,2,3,4,7,8-ɻʢʍɼʌ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ 

ʷʡʮʘ ʢʫʨ (ʧʦʤʠʤʦ ʧʦʯʚʳ) ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ ʟʦʣʘ ʦʪ ʦʪʢʨʳʪʦʛʦ ʩʞʠʛʘʥʠʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʠ, ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʠʤʝʩʠ ʇʍɹ.  

 

ʈʠʩʫʥʦʢ 34. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ 

ʇʍɼɼ/ʌ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʦʪʢʨʳʪʦʝ ʩʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ (Lemieux et al., 2000), ʩʤʝʩʠ 

ʇʍɹ (Johnson et al., 2008), ʩʞʠʛʘʥʠʝ ʨʠʩʦʚʦʡ ʩʦʣʦʤʳ (Chang et al., 2014), ʇʍʌ (Hagenmaier, 

Brunner, 1987) ʠ ʧʦʯʚʘ, ʟʘʛʨʷʟʥʝʥʥʘʷ ʇʍʌ (Petreas et al., 1991). 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʬʠʣʝʡ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ, 

ʧʦʯʚʝ ʠ ʟʦʣʝ ʠʟ ʜʚʫʭ ʭʦʟʷʡʩʪʚ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʟʦʣʳ ʦʪ ʩʞʠʛʘʥʠʷ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʍʦʘʘʥ, ɹʴʝʥʭʦʘ, ɼʦʥʛʥʘʡ ʠ ʊʘʥʬʦʥʛ, ɹʴʝʥʭʦʘ, ɼʦʥʛʥʘʡ), ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʢʫʨ ʠʟ 

ʟʦʣʳ. ʊʘʢ, ʚ ʭʦʟʷʡʩʪʚʝ ʍʦʘʘʥ ʧʨʦʬʠʣʴ ʚ ʷʡʮʘʭ ʩʜʚʠʥʫʪ ʧʦ ʬʫʨʘʥʘʤ ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʬʠʣʶ ʚ ʟʦʣʝ 

(ʨʠʩʫʥʦʢ 35), ʦʩʦʙʝʥʥʦ ʦʪʯʝʪʣʠʚʦ ʚ ʩʣʫʯʘʝ ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʦʣʘ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʇʍɼɼ/ʌ ʜʣʷ ʢʫʨ ʥʘ 
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ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. ɺ ʭʦʟʷʡʩʪʚʝ ʚ ʦʢʨʫʛʝ ʊʘʥʬʦʥʛ ʪʘʢʦʛʦ ʩʜʚʠʛʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩʫʥʦʢ 35) ï 

ʟʜʝʩʴ ʧʨʦʬʠʣʴ ʚ ʷʡʮʘʭ ʙʦʣʝʝ ʙʣʠʟʦʢ ʧʨʦʬʠʣʶ ʚ ʧʦʯʚʘʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʥʦʛʦ 

ʚʢʣʘʜʘ ʟʦʣʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

 

 

ʈʠʩʫʥʦʢ 35. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʷʡʮʘʭ, ʧʦʯʚʝ ʠ 

ʟʦʣʝ ʠʟ ʭʦʟʷʡʩʪʚ ʚ ʦʢʨʫʛʝ ʊʘʥʬʦʥʛ, ʛ. ɹʴʝʥʭʦʘ, ɼʦʥʛʥʘʡ (ʩʣʝʚʘ) ʠ ʚ ʦʢʨʫʛʝ ʍʦʘʘʥ, ʛ. ɹʴʝʥʭʦʘ, 

ɼʦʥʛʥʘʡ (ʩʧʨʘʚʘ) 
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ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʘʥʘʣʠʟʝ ʣʝʧʝʩʪʢʦʚʳʭ ʜʠʘʛʨʘʤʤ ʧʨʦʬʠʣʝʡ ʢʦʥʛʝʥʝʨʦʚ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʙʘʭ ʩ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʞʥʦ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 

ʨʘʟʣʠʯʠʷʭ ʧʫʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɼɼ/ʌ ʚ ʦʨʛʘʥʠʟʤ ʢʦʥʢʨʝʪʥʳʭ ʦʩʦʙʝʡ. ʅʘ ʨʠʩʫʥʢʝ 36 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʙʨʘʟʮʘ (3 ʠ 4) ʩʦ ʩʜʚʠʛʦʤ ʧʨʦʬʠʣʷ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʨʦʬʠʣʷ ʦʪʢʨʳʪʦʛʦ ʩʞʠʛʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʦʩʪʘʣʴʥʳʭ ʪʨʝʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʠʧʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʜʚʝ 

ʧʨʦʙʳ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʧʦ ʧʦʣʥʦʤʫ ʧʨʦʬʠʣʶ 2,3,7,8-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʠ ʘʙʩʦʣʶʪʥʳʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ (ʛʣʘʚʘ 3.3.2.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʛʝʥʝʨʦʚ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ 

ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʇʍɼɼ/ʌ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

 

 

ʈʠʩʫʥʦʢ 36. ʇʨʦʬʠʣʠ ʧʝʥʪʘ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʷʡʮʘʭ ʠ ʧʦʯʚʝ ʠʟ ʭʦʟʷʡʩʪʚʘ ʚ ʛ. ʂʘʤʨʘʥʴ ʚ ʧʨʦʚʠʥʮʠʠ ʂʭʘʥʴʭʦʘ.  


